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PREFACE

This report docunents the second Federal Aviation Adm nistration
(FAA) controller evaluation of an initial group of four termna
air traffic control (ATC) services and functions which are under
devel oprent for inplenentation on a Data Link air-ground
comuni cations system The research was conducted at the Federa
Aviation Adm nistration (FAA) Technical GCenter by the Airborne
Col I'i sion Avoi dance and Data Link Systens Branch, ACD 320.

The report is organized in two volunes. Volune 1 contains the main
body of the report. It includes a detailed description of the
objectives of the study and of the technical approach and testing
met hods that were used. Volunme 1 also presents the results of the
research, conclusions, and reconmendations for future work.

Vol une 2 contains supporting appendi xes. These include controller
training for the test airspace and Data Link procedures, test
scenari o descriptions, and evaluation forns used for the design
review and full scale sinulation phases of the study.
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EXECUTI VE SUWARY

The controllers who participated in the study expressed a conti nued
belief that inplenentation of Data Link air traffic control (ATO

services in the termnal environnment will have the potential to
significantly inprove the quality and effectivenss of air-ground
conmuni cati ons. Predicted benefits included reductions in

frequency congestion and conmmunication errors and inprovenents in
efficiency nade possible by shifting lengthy and repetitive
messages fromvoi ce channel to the Data Link system

The design review phase of the study produced a variety of
recommended design changes based on the subject <controllers

observations in the Data Link Test Bed. Primary nodifications
included a change in the design of the initial contact service to
reduce the nunber of Data Link transactions and anount of tine
required to performthis function, and refinenments to the designs
of the nmenu text and termnal information service |list displays to
enhance the speed and accuracy with which itens could be selected
for uplink

The full scale sinualtion phase of the study confirmed the
hypot hesis that the viability of Data Link services in the term nal
ATC environnent will be strongly dependent on the duration of the

transaction delay between nessage dispatch and receipt of an
aircrew response. Wile the results nust be tenpered by the facts
that the subject controllers were not trained to operational
proficiency levels on the test airspace or on Data Link procedures,
and that the Data Link design was not fully mature, they indicate
that total transaction tines exceeding 20 seconds may signficantly
increase controller workload, inpair performance, and inpede the
use of Data Link. The severity of the effects of transaction del ay
wer e dependent on the type of airspace sector under control and the
time criticality of the nessage. In addition, the findings
suggested that the negative effects were partially mtigated by
practive over the course of the study as the controllers devel oped
effective strategies for overcomng tine del ays.

Several of the experinental perfornmance neasures eval uated during
the study effectively reflected and conplenented the controller
eval uation data. In addition, requirenments for further netric
devel opnent and training protocol inprovenent were identified for
incorporation into future operational evaluation study plans.

RECOMVENDATI ONS.

The results of this second design devel opnment system indicate that
the initial Data Link services have significant potential to
enhance term nal ATC operations. Therefore, it is recommended that
conti nued design, devel opnent, and eval uation efforts be pursued to
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permt inplenmentation of these services at the earliest possible
date. The results support the follow ng recomendati ons regarding
the specific nature of these continuedd activities:

1. The service design nodifications identified during this study
should be inplenented in the Data Link Test Bed for fornal
evaluation by the Air Traffic Data Link Validation Team ( ATDLVT).

2. In preparation for operational evaluation studies, training
protocols should be developed to require extensive pretest
controller training in order to approximate the |evel of airspace
famliarity and facility in the use of Data Link that would be

expected in the operational environnent. Additional effort also
shoul d be devoted to the devel opment of inproved neasures and data
collection procedures which will accuratley and reliably reflect

the inpact of Data Link on system performance during operational
eval uati on research

3. The observed effects of total transaction tinmes on Data Link
effectivness and wusability indicate that technical analyses and
flight deck Data Link research should be pursued to define the
distribution of termnal transaction tinmes that can be expected at
the tine of system inplenentation. Paraneters derived from this
research should be used in future Data Link ATC sinulations, and
should serve as a baseline for evaluating nodifications to Data
Li nk transm ssion systens and aircrew i nterfaces intended to reduce
message acknow edgenent | atency.

4. The results showed that controllers appear to spontaneously
devel op strategies for overcomng transaction delays and inproving
ATC operations in a conbined voice and Data Link environnent.
Future research should formally docunent and define the
effectiveness of these strategies in order to support the
devel oprment of optinmal Data Link procedures and training materials
that will be needed to conplenent funcational specifications for
the Data Link service designs.

XVi



1. | NTRODUCTI ON.

1.1 PURPCSE.

This docunent presents the results of a Federal Aviation
Adm nistration (FAA) Technical Center investigation of termnal air
traffic control (ATC) services developed for transmssion using
Data Link technol ogy. Based on the results of an initial study
conducted in 1990, designs for four ATC services were nodified and
inplenmented in the currently operational National Airspace System
(NAS) Automated Radar Term nal System (ARTS) |11 A conputer and ATC
wor kstation for review and evaluation by air traffic controllers.

The controllers participated in sinmulated termnal airspace test
trials to assess the utility of the Data Link services, recomrend
requirenments for additional service design changes, and provide a
prelimnary assessnent of the conbined inpact of transm ssion and
flight deck response delays on the utility and effectiveness of
Data Link for termnal operations. This study was the second in a
pl anned series of iterative design devel opnent tests which wll
culmnate in a full-scale operational evaluation and the production
of functional design specifications for an operational termnal ATC
Data Li nk comuni cati ons system

1.2 BACKGROUND.

1.2.1 ATC Conmmuni cations and Data Link.

In response to the phenonenal growth of air traffic in the United
States, the FAA has begun to devel op and inplenent a broad range of
initiatives ainmed at updating and enhanci ng ATC technol ogy. Many of
these efforts are focused on inproving the quality and quantity of
information that wll be needed to increase safety and
productivity, and on insuring that this information is reliably and
accurately transferred anong the conputers and humans that formthe
maj or conponents of the ATC system

One of the primary information transfer problens that constrains
the capacity of the current ATC systemis the inherently limted
conmuni cation channel that exists between the air traffic
controller and the aircraft pilot. Because this voice radio link
operates in a broadcast node between a single controller and al
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aircraft operating in the airspace under his control, frequency
congestion is a common occurrence when the volune and conpl exity of
air traffic 1increases. Such saturation of the conmmunications
channel affects the performance of the ATC system by preventing the
tinmely issuance of clearances and by restricting the vital exchange
of information upon which safe and efficient operation of the NAS
depend.

In addition to the limtations that it inposes through frequency
congestion, the voice radio channel has been identified as a mgjor
contributor to errors in the ATC system The FAA has noted that as
many as 23 percent of all operational errors are caused either
directly or indirectly by communications m stakes (New York Tines,
1988) . Simlarly, conpilations of voluntary reports provided to
the Aviation Safety Reporting Systemby pilots and controll ers have
shown that a mgjority of all potentially hazardous incidents that
are filed inplicate ineffective verbal information transfer
(Billings and Reynard, 1981).

| nvestigations of the nature of prevalent communications errors
denonstrate that they are typically the result of an interaction
between the characteristics of the voice radio system and the
i nherent perceptual and cognitive characteristics of its human

users (Shingl edecker, 1990). Acoustic confusions, alphanuneric
transpositions, msinterpretation due to pronunciation and
phr aseol ogy pr obl ens, poor menory for transi ent speech

presentations of ATC information, and bl ocking of the radio channel
caused by inproper keying techniques are common sources of hunman-
i nduced error found by these studies. In addition, nmany errors
seemto be potentiated by the frequency congestion problem as users
experience difficulty in nonitoring for relevant nessages on the
crowded radio channel, and beconme reluctant to clarify suspected
confusions in order to avoid further congestion.

Data Link is a digital communications technology which is being
developed as a supplenment to traditional voice radio for ATC
communi cations. As shown in figure 1, Data Link comuni cations can
be supported by several transm ssion nedia. These include very
high frequency (VHF) radio, satellite links, and the Mde Select
(Mbde S) secondary surveillance radar system currently proposed by
the FAA for ATC Data Link comunications. These multiple |inks
will be integrated within a common Aeronautical Tel ecommuni cations
Network to provide seamess air-ground communications throughout
t he NAS.

Regardl ess of the specific nmethod used to create the channel, Data
Li nk communi cations are distinguished fromtraditional voice radio
links in two essential ways. First, unlike analogue voice
nmessages, Data Link nessages consi st of digitally coded
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i nformati on. Thus, data may be entered for transmssion either
manual |y, or by direct access to information contained in airborne
or ground-based conputers. Furthernmore, the capability of a
digital system to provide automatic error checking of sent and
recei ved nmessages nakes Data Link a highly reliable systemwhich is
not susceptible to degradation by interfering noi se sources.

The second way in which Data Link differs from the voice radio
channel is its capability to discretely address individua
receivers. Unlike the sinplex radio system which permts only a
singl e speaker to transmt on the broadcast frequency at any point
in time, Data Link nessages can be sent selectively, and
transmssion rates are not artificially bounded by the effective



Data L Data Management
110
Avionics
Network
- G
Satellite
Mode VHE
ABLP ADLP ADLP
— |
Mode S Satellite VHE
Tl d
Transponder ransponder Transponder
DATAS

MODE S
SENSORS

/

ATS
GROUND
NETWORKS

VHF

GROUND STATIONS

VHF
‘ GDLP
SATELLITE |
GDLP I G
PRIVATE
GROUND
G NETWORKS

EN ROUTE
CONTROL

TERMINAL
CONTROL

AIRLINE
DATA
BASES

WEATHER
DATA
BASES

FI GURE 1.

AAC

AIRLINE
DATA
BASES

WEATHER
DATA
BASES

PROPCSED DATA LI NK SYSTEM




speaking and listening rates of the user. As a result, Data Link
channel s can have a nmuch higher capacity than voice channels and
critical nessages sent by a controller are assured of receipt only
by the intended aircraft.

These features of Data Link offer significant promse for
alleviating both frequency congestion and errors that currently
i mpair air-ground ATC communi cations. Denmands on the voi ce channel
should be relieved in proportion to the nunber of weather and ATC
services that are assigned to the Data Link system |In addition,
by automating or sinplifying pilot and controller functions in the
comuni cation process that are subject to error, Data Link should
inmprove the overall effectiveness of information transfer. For
exanple, using Data Link it wll be possible to reduce anbi guous
message transmssions by storing standard clearances in conputer
menory for sinplified uplink to an aircraft; failures to detect
messages and accidental acceptance of clearances by unintended
aircraft will be elimnated by discrete addressing; interpretation
errors should be reduced by the availability of a persistent and
recal |l abl e visual display of the received data; and the systemw ||
automatically verify the integrity of a nessage wthout hunman
i ntervention.

1.2.2 Data Link Research and Devel opnent at the FAA Techni cal
Cent er.

As noted above, the technical characteristics of Data Link have the
capability to significantly enhance the safety and productivity of
the ATC system However, Data Link also will introduce a profound
change in the way in which ATC tasks are acconplished by
controllers, and in the way aircrew will receive and respond to ATC
i nstructions. Because of this, the ultimate success of Data Link
will be critically dependent on the extent to which it is enployed
to create an effective communications system that is thoroughly
integrated with its human users and with the full range of tasks
that they are required to perform

Recognition of the need to consider operational suitability and
human factors issues as primary drivers of the design process
pronpted the FAA Technical Center to initiate a program of manned
simulation research to guide the developnent of Data Link ATC
servi ces. The overall goals of this research are to (1) define
useful Data Link services, (2) determne the wuser information
requirenments for Data Link comunications, (3) develop display
formats, data entry nmethods and procedures which pronote efficient
controller performance, and (4) evaluate the inpact of Data Link
servi ces on both human and system perfornance.



The Data Link Test Bed was assenbled at the FAA Technical Center to
address these goals. The Test Bed is a laboratory facility which
uses actual NAS equipnment in conjunction with simulation conputers
to create a system capable of realistically exercising Data Link
applications in an end-to-end fashion. In its current form the
Test Bed is conposed of the NAS en route and termnal | aboratories,
the NAS System Sinulation Facility (NSSF), and the Data Link

| aboratory (figure 2). The NAS |aboratory includes the HOST
conputer system used for en route ATC data processing as well as
its primary termnal counterpart, the ARTS IIIA system Both
conputers are linked to several suites of their respective

operational controller workstations which are used to display radar
data and to enter systemi nputs.

The NAS | aboratory is linked to the NSSF t hrough the ATC conputers.
The NSSF permts the NAS | aboratory systens to act as functioning
control facilities by providing sinulated radar data and voice
radio inputs from sinulation pilots operating from conputer
term nal s. Alternatively, the ARTS and HOST portions of the NAS
| aboratory can be used as self-contained sinulation systens using
the training functions included wthin the operational systens. In
this configuration, pilot functions are perfornmed by simulation
operators working at additional controller workstations.

The Data Link |aboratory houses a VAX 11/ 750 conputer which acts as

an enulation of the future ground Data Link processor. The VAX
conmputer supports digital conmunication between simulation pilots
and controllers. It can also provide two-way communi cation between

controllers and high-fidelity aircraft simulators or actua
airborne systens using Mbde S or any other installed Data Link
t echnol ogy.

The central thrust of Data Link research in the Test Bed is nmanned
simulation research ainmed at defining and testing designs for ATC
services. This research follows a three-stage approach originally
devel oped and successfully enployed under the en route portion of
the Data Link program In the Design Verification stage,
engineering tests are conducted in the Data Link Test Bed to insure
that prelimnary designs for Data Link services are faithfully
reflected in operational software and hardware conponents of the
test bed simulation |aboratories. Follow ng the resolution of
engineering issues, a series of manned simulation studies are
performed in which air traffic controllers exercise and evaluate
the Data Link ATC services.

In the Mni Study stage of these experinents, iterative design
evaluations are conducted to refine controller procedures,
di splays, and input requirenents. Early studies are conpleted
under controlled, part-task simulation conditions which focus on
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detailed consideration of basic design issues. As devel opnent
progresses, sinulation exercises are increased in operational
fidelity to assess the robustness of the services and to obtain
reliable controller judgnents of acceptability, wusability and
wor kl oad effects. A fixed group of Full Performance Level (FPL)
controllers fromthe Air Traffic Data Link Validation Team ( ATDLVT)
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participated throughout the Mni Study stage to provide continuity
in the iterative devel opnent process.

The final, Operational Evaluation stage of the approach consists of
one or nore high fidelity simulation exercises in which the
optimzed service designs are exercised wunder a variety of
realistic operational conditions and air traffic scenarios. For
these studies, a new group of controllers with no prior Data Link
experience is recruited for participation. Measures of system
effectiveness, controller performance, comunications efficiency,
and workload are used to verify the utility and usability of the
Data Link services. The resulting data determne inputs to a
Techni cal Data Package (TDP) that is used to guide the devel opnent
of operational Data Link software for inplenentation in the NAS.

1.3 Data Link in the Term nal Environnent.

1.3.1 Devel opnent |ssues.

Research and devel opnent using the Data Link Test Bed began wth
the en route portion of the ATC system Mni studies were
conducted to refine the transfer of comunication and altitude
assignnment services as well as a nenu text function for uplinking
interim altitudes with crossing restrictions, and an unformatted
free text function. These efforts culmnated in an operationa
eval uation which denonstrated beneficial effects of the initial en
route services on frequency congestion with no observed reduction
in controller performance or increase in perceived worKkl oad.

The potential value of Data Link comunications technology for
termnal ATC operations is at |least equal to that predicted by the
results of the operational evaluation for the en route environment.
At present, the denmands at busy airports often can result in a
termnal controller engaging in prol onged periods of non-stop
verbal comunication to convey all of the clearances needed to
guide the pilots of arriving, departing, and transient aircraft.
In addition, the requirenent to convey |engthy advisory nessages to
aircraft entering the termnal area rapidly expends the limted
communi cation tinme available to tactically control closely spaced
aircraft on the approach and departure flight paths.



Wiile the need to reduce frequency congestion is simlar in the
termnal and en route environnents, the problem of designing an

effective Data Link system for the two is quite different. In
general, termnal operations are nore sensitive to timng issues
than en route operations. Because of this, conmmunications

functions assigned to Data Link nust be carefully selected,
designed, and tested to ensure that transm ssion delays or display
clutter do not interfere with controller performance requirenents.
In addition, unlike some en route clearances, current termnal
procedures do not require the use of keyboard inputs to update an
ATC conputer data base. For this reason, the need to devel op
efficient methods for entering and uplinking control mnessages is
essenti al .

1.3.2 Initial Term nal Services.

Drawing from their experience as termmnal controllers and an
awareness of the design issues outlined above, the termnal
subgroup of the Air Traffic Data Link Validation Team (ATDLVT) net
with FAA engineers and supporting contractors in a series of
meetings held in 1989 and 1990 to define an initial group of ATC
services suitable for the termnal environnent. The follow ng
services were identified during these neetings:

a. Transfer of Communication. Transfer of comunication is
the nessage sent to an aircraft after track control has been passed
to a new sector which instructs the pilot to change radio
frequencies in order to comunicate with the new controller. Using
the designed Data Link service, this message is automatically
prepared by the ATC conputer and uplinked either automatically or
upon a controller input action.

b. Initial Contact. When an aircraft receives a new radio
frequency, current ATC procedures require the pilot to contact the
new controller and to report the aircraft's currently assigned
al titude. Wth the Data Link version of initial contact tested
during this study, after the new controller obtains Data Link
comuni cation eligibility, a request for the initial contact report
is sent automatically to the aircraft, and the downlinked report is
presented to the controller on the radar display.

c. Termnal Information Service. When arriving aircraft
enter a termnal airspace, they are typically given a report of the
termnal operating conditions and of the approach clearance that
they can expect to receive. Using Data Link, these comonly
| engt hy nessages are stored in a nenu and sent by a single manua
i nput which initiates the uplink.



d. Menu Text. Menu text is a Data Link function which
permts the controller to select and uplink a comonly used
clearance froma nenu |ist displayed on the radar screen. In the
service design tested in this study, such clearances included
speed, heading, and altitude change instructions.

1.3.3 The First Design Study.

Devel opment of the initial termnal Data Link services began with
denonstration of prelimnary designs using a rapid prototyping
system at the M TRE Corporation. In 1990, the services were
inplemented in the ARTS Il A conputer and integrated with the Data
Li nk Test Bed. The first mni design study of these services at
the FAA Technical Center was conducted in late 1990 to establish a
devel oprnental baseline (Data Link Devel opnent Team 1991). N ne
controllers from the ATDLVT participated in a design review and
conpared the current voice-only systemto a system suppl enented by
the initial Data Link capability in a series of simulation trials
enploying sinplified air traffic scenarios.

Controller projections nmade after the conpletion of the sinulation
tests indicated that Data Link would have positive effects on
termnal operations if inplemented in the existing ATC system
These effects were estimated to include a significant reduction in
voi ce radio frequency congestion, sinplified transfer of |engthy
advi sory nessages and cl earances, and a reduction in comrunication
errors and controller workload. The results of the design review
showed that the prelimnary service configurations that were tested
mght be significantly inproved by several enhancenents and
nodi fi cati ons. These included the addition of transaction status
and history lists, inprovenents in the accessibility of itens
contained in the Mnu Text (M) and Termnal Information (TI)
service lists as well as increased flexibility in conbining the
messages contained in these lists, and changes in the transaction
status information provided in the data bl ock displ ay.

The study described in this docunment was conducted, in part, to
eval uate the effectiveness of the alterations nade to the Data Link
service designs as a result of these findings.

1.4 CORGANI ZATI ON OF THE REPORT.

The following sections of this report present the research
met hodol ogy that was used and the findings that were obtained in
the second FAA Technical Center controller evaluation study of
Data Link termnal ATC services. Section 2 describes the specific
objectives of the study and the testing approach that was used to
achi eve these objectives. Sections 3 and 4 present the detailed
results of the testing. Finally, sections 5 and 6 list the
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conclusions that were derived from the results and offer
recommendations for future efforts toward the devel opnment of an
operational termnal Data Link system

2. TEST DESCRI PTI ON.

2.1 OBJECTI VES

This study was conducted to neet the foll ow ng maj or objectives:

a. Evaluate the acceptability of enhanced designs for the
initial Data Link termnal services.

As noted above, the results of the first termnal mni study
i ncl uded recomendations for changes to the ATC service designs as
i npl enented on the ARTS Il A equipnent in the Data Link Test Bed.
Controllers participating in this second study evaluated the
nmodi fied displays and procedures to determne the adequacy and
acceptability of the enhanced service designs. The nodifications
exam ned during the study included:

1. Addition of Data Link transaction status and history
lists.

2. Expansion and standardi zation of the data bl ock display of
Data Link transaction states.

3. Extended options for automatic and manual operation of the
Transfer of Communi cation (TOC) servi ce.

4. Modifications to permt wuplinks of additional nessages
during the period that a TOCis in a "held" status.

5. Procedures for acquiring Data Link eligibility in the
absence of a TCC

6. New |abeling and procedures for designating the default
message in the Tl |ist.

7. Addition of conbined (speed, heading, altitude) clearance
items to the MI |ist.

8. Addition of capability to conbine clearances for uplink
usi ng the nmenu by-pass feature.

9. Capacity to conbine any Tl nmessage with an MI nessage.

b. Resolve open service design issues.
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A limted nunber of basic service design and procedural issues were
either not addressed during Mni Study 1, or were kept in a pending
status until various options could be examned in the Data Link
test bed. In order to resolve these issues, the present study
permtted test subjects to exercise sone potential desi gn
alternatives during a series of simulation trials and consider
others during formalized discussion sessions. The follow ng
options and issues were assessed:

1. Gaphic character options for the Data Link equipage and
eligibility indicators.

2. Location options for the Data Link key (F9 vs. F16).

3. Spacing and | abeling options to enhance the controller's
ability to |l ocate nessages within the TI and M |ists.

4. Qperational suitability of free controller access to TI
and MI lists for nodification, deletion or addition of itens.

5. Possible reconsideration of nanes for TI and M |ists, and
rul es for assignnment of nessages to these lists.

6. Feasibility of uplinking final approach clearances.

7. Qperational wvalidity of requirenent for all designed
aut omat i ¢/ manual TOC opti ons.

c. Provide a prelimnary assessnent of the inpact of system
del ay/pil ot response tinme on the usability and effectiveness of the
initial termnal services.

Beyond the consideration of basic design problens, the present
study also was used to provide an initial examnation of issues
affecting the suitability of Data Link services wthin the
operational termnal ATC environment. As a part of the study, test
subjects participated in full scale simulation exercises in which
current, voice radio procedures were conpared to conbi ned voi ce and
Data Link comunications. Test runs conducted with Data Link
varied in the average tine between initiation of an uplink nessage
and the receipt by the controller of a downlinked aircrew response.
The purpose of this manipulation was to determne the usability of
Data Link at different tine delays, and to exam ne the relationship
between usability, delay, and control position type. The primary
indicators of delay effects were workload ratings, controller
perceptions of the nature and extent of delay effects, and neasures
of voice radio and Data Li nk usage.

12



d. Evaluate the effectiveness of a subject training protoco
and the validity of experinental system and controller perfornmance
measures for use in future operational eval uation studies.

The final objective of this study was to eval uate subject training
procedures and performance neasures for possible use in future
operational evaluation research. Proven training protocols will be
needed for this research in order to insure that controllers
inexperienced with Data Link and the airspace used for high
fidelity simulations receive sufficient pre-test training to permt
uncontam nated neasurenents of the operational effects of Data
Li nk. Advanced performance neasures wll be required for this
research to supplenent expert controller opinions with objective
indicators of Data Link's inpact on ATC communications efficiency,
controller error, and overall ATC system perfornance.

The protocol evaluated during this study included training on
procedures and displays for the initial ATC services and training
on the Ral eigh-Durham (RDU) Air Traffic Control Tower airspace that
were used during simulation tests. The experinmental perfornmance
measures were collected during full scale test runs and eval uated
for sensitivity and applicability to operational eval uati on
resear ch questions.

2.2 APPROACH.

The approach that was adopted to neet the objectives of this study
i nvol ved the participation of termnal air traffic controllers in a
series of training exercises, test sessions, and structured
debriefings. The sinulation test trials were conducted at the ARTS
II'l'A workstations in the Data Link Test Bed. During testing,
subjects controlled traffic in a group of ATC scenarios involving
aircraft arrivals, final approaches and departures at the RDU Ar
Traffic Control Tower.

Early test sessions were devoted to a detailed review of each of
the four Data Link service designs as nodified by the results of
the first mni study. I ndi vidual reviews were supplenmented by
debriefings ainmed at achieving group consensus.

Later sessions were wused to conpare voice radio air-ground
comuni cations to a system supplenmented by Data Link under full
scale simulation conditions. Data Link sessions differed in the
average tine which elapsed between the dispatch of an uplink
nmessage by a controller, and the receipt of a confirmatory nessage
froma sinulation pseudo-pilot. During these sessions, voice radio
and Data Link wusage, as well as a nunber of experinental
performance neasures were recorded automatically by the sinulation
system and through the wuse of video tape and facilitator
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observati ons. Follow ng each run, <controller perceptions of
wor kl oad and delay effects were quantified using rating scales and
checkl i st s. Post-test scales were wused to obtain controller
projections of the effectiveness and acceptability of the tested
servi ce designs.

The general rationale underlying the test design was to provide an
ATC environnent which could be used by the controllers to assess
the capabilities and robustness of the service designs against
relatively realistic operational conditions, and to generate a
prelimnary evaluation of the usability of Data Link services under
various transm ssion delay conditions and in differing sections of
term nal airspace.

2.3 TEST CONDUCT.

2.3.1 Subjects.

The subjects for this study were six Full Performance Level air
traffic control specialists with current termnal radar control
experi ence. Five of the six subjects were drawn from the
menber shi p of the ATDLVT and had partici pated during the concept ual
devel opnent of the initial Data Link termnal ATC services and
acted as test subjects for Mni Study 1. Al subjects were nales.

Their average age was 38.7 years (32 to 47 years). Thei r
experience as FAA controllers ranged from7 to 24 years with a nmean
of 16 years. Five of the six had prior mlitary controller

experience and one controller held an aircraft pilot's |icense.

2.3.2 Test Scenarios and Data Link Qperations.

The ATC scenarios developed for this study utilized the RDU
term nal airspace. The airspace, l|ocal ATC procedures and test
scenarios used during training and testing are presented in detail
in appendix A of this report, and are briefly described bel ow

Traffic patterns and procedures wused in the scenarios were
identical to those used at the operational facility. The single
exception was that sinultaneous approaches to the parallel runways
were permtted in the simulation, whereas staggered approaches are

required at RDU. As shown in figures 3 and 4 , incomng aircraft
were routed through two arrival sectors located to the east and
west of the airport. Each arrival controller accepted aircraft

handed off from the Washington Air Route Traffic Control Center
(ARTCC) over two fixes. Overflight aircraft were given clearances
for their destination airports, while RDU arrivals were established
on a downw nd leg or on headings for final approach before control
was transferred to the associated final approach sector. Each
final controller nmerged the two streans of aircraft received from
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his arrival sector and issued the approach clearances. Controllers
in the two departure sectors (north and south departure) each
directed aircraft to one of two departure fixes according to their
flight plans. In both sectors, one of the departure streans crossed
an arrival route. This required the controllers to insure that the
departing aircraft net specific altitude restrictions while
crossing the arrival route.

The mx of aircraft types used in all scenarios were derived from
actual RDU air traffic records. Al scenarios used during ful
scale sinulation testing presented traffic |oads equivalent to 75
percent of airport capacity, and differed from one another only in
t he sequence and spacing of arrivals and departures. Lower traffic
| evel s were used during training and during the design revi ew phase
of testing.

Pilot functions for this study were provided by the NSSF. Pseudo-
pilots received voice and Data Link nmessages fromthe controllers
and made inputs on specialized conputer termnals to control the
simulated aircraft radar tracks. Wien responding to voice radio
instructions, the pseudo-pilots acknow edged clearances in the
normal fashion with a voice response to the controller. Preci se
control of the elapsed tinme between the issuance of a Data Link
message and receipt of a confirmng response was achi eved by using
the VAX conputer to automatically generate and send the pilot
acknow edgenent to the controller via Data Link. In order to
pr oduce realistic t enpor al coordi nati on bet ween aircraft
maneuveri ng responses and downlinked pil ot responses under extended
delay conditions, the VAX conputer was programmed to w thhold
di spl ayi ng nessages to the pseudo-pilots until approximtely eight
seconds before the acknow edgenent was sent to the controller.
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2.3.3 Test Procedures.

This study was conducted over a 6-day period. Portions of the
first two days were devoted to subject prebriefings and training.
Data collection began on the third day wth a critical review of
the Data Link termnal service designs. On the fourth and fifth
days the controllers conpleted 12 full scale simulation tests under
voi ce-only and Data Link conditions. The sixth day was reserved
for final debriefings and structured discussion.

2.2.3.1 A rspace and Data Link Training.

To sinplify airspace famliarization, the six subjects were divided
into two groups and assigned to either the north or south hal ves of
the airspace. The subgroups of three controllers were required to
learn the arrival, final and departure sectors only for their
assigned half of the airspace. These assignnents were naintained
t hr oughout the experinent.

Training for this study began with a 1-1/2 hour classroom session
during which the RDU airspace and procedures were described. The
subjects also received copies of the briefing materials for study
and reference use in subsequent simulation training exercises. The
controllers received practice with controlling traffic in the
airspace during a 3-hour session in the Data Link Test Bed which
followed the classroom briefing. The scenario used for this
session enployed only voice radio comunications in order to
enphasi ze the airspace training task. The subjects rotated through
their assigned arrival, final, and departure sectors to obtain
experience with all relevant airspace.

The second phase of training was devoted to the displays, nanua
inputs, and procedures for wusing the initial termnal Data Link
servi ces. Initially, the subjects received a 3-hour period of
cl assroom briefings on the operation of software functions for each
service. These briefings were supplenmented with a handout summary
of Data Link inputs and displays. The remaining 4 hours of
training were conducted in the Data Link Test Bed. For these
practice sessions, 75 percent of the aircraft in the test scenarios
were equipped with Data Link in order to provide experience wth
conbi ned voi ce and Data Li nk comuni cati ons.

Appendix B to this report fully describes the protocol used for
both the airspace and Data Link training, and contains the briefing
presentation materials and summary handouts that were used.

2.3.3.2 Design Review
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Data collection for this study began wth a formal review and
verification of the ATC service designs as nodified by the results
of Mni Study 1. The subjects conpleted the design review in the
Data Link Test Bed while seated at the ARTS II1A workstations and
controlling aircraft in a sinplified version of the training
scenario. Al aircraft in the scenario were Data Link equipped in
order to nmaximze the subjects' opportunities to examne the
service displays, inputs, and procedures. To permt observation of
the failure displays, approximately 5 percent of the attenpted
uplinks resulted in a failed technical acknow edgenent (NAK), 5
percent in a time-out (failure of the pilot to respond to an uplink
within 40 seconds), and 5 percent in an unable response from the
pi |l ot.

During the design review, the subjects’ primary task was to
exercise each of the Data Link functions a sufficient nunber of
times to thoroughly evaluate the service designs. Evaluations were
made by conpleting a questionnaire booklet during the sinulation
runs. The subjects were infornmed that the object of the sinulation
activity was to aid themin conpleting the detail ed design review,
and that maintaining routine control over the noderate (50 percent)
level of air traffic in the scenario was secondary to this task

The subjects were encouraged to exchange control positions as
required in order to exam ne services which were not used in sone
sectors. In addition, test facilitators assigned to each sector
were available to assist the subjects in making keyboard inputs
necessary to permt examnation of unresolved display and contro

options. The scenario was repeated throughout the 4-hour
| aboratory session, providing anple tinme for the subjects to
conpl ete their individual reviews.

Upon conpletion of the Test Bed exercise, the subjects net wth
test personnel for a group debriefing session. This 3-hour session
was used to perform an itemby-item review of the subjects’
responses to the review questionnaire. The enphasis of the
debriefing was to identify and resol ve disagreenents regardi ng the
fidelity and acceptability of the service designs, and to achieve a
consensus regarding recommended changes to the service designs.
The results of this debriefing as well as those of additional
design discussions held after the full scale simulation tests were
docunented in test personnel notes and in an audio tape record for
ref erence during data anal ysis.

2.3.3.3 Full Scale Simulation and Del ay Testi ng.

The fourth and fifth days of the study were devoted to a series of
full scale sinulation tests in which the subjects controlled
traffic in the six sectors of airspace conprising the RDU term na
ar ea. The purpose of these test runs was to (1) determne the
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i npact of wvarying pilot response delays on the wusability and
acceptability of the Data Link ATC services, (2) evaluate a group
of candi date neasures of controller and system performance for use
in future operational evaluations, and (3) provide the subjects
with a realistic simulation experience as a basis for additiona
expert evaluation of the operational utility and acceptability of
the termnal Data Link services as inplenented for this study.

The independent variables that were nmanipul ated during these test
runs were communication condition and control position. The
comuni cation condition variable had four levels permtting
conpari son of exclusive voice radio air-ground communi cations wth
three conditions in which Data Link conmunication were possible
with 75 percent of the aircraft within the test scenarios. The
three Data Link conditions differed in the average tine delay
between initiation of an uplink and receipt of a confirmtory
response. The control position variable was nmanipul ated to assess
any rel ationship between the communication conditions and the type
of airspace being controll ed. The control positions tested were
the arrival, departure, and final approach sectors.

The experinent was conducted under a conpletely wthin-subjects
design with repeated neasures on both factors. Thus, each of the
si X subjects experienced all four communications conditions while
working at each of the three control position types. This design
required 12 simulation runs, each with an approxi nate duration of
40 mnutes. The subjects naintained their original assignnments to
the north or south portions of the test airspace and rotated anong
the position types as shown in table 1

The order of presentation for the conmmunication conditions was
varied as illustrated in the table to provide a partial control for
sequence effects. Wthin this ordering schene, the voice condition
and the longest delay condition (DL 3) both occurred first, |ast,
and approximately in the mddle of the test sequence for one of the
three repetitions of the four conditions.

Six versions of a basic test scenario were used during the 12 test
runs. In all cases, the traffic level was raised to 75 percent of
airport capacity from the 50 percent |evel used during the design
review session. As noted in section 2.3.2, the six versions of the
scenario were matched in terns of the nunber and type of aircraft
i nvol ved and the conplexity of the control problem However, the
aircraft spacing and sequencing were varied in order to mnimze
the effects of overlearning on later test trials. As shown in
table 1, the traffic scenario was changed after each sinulation run
so that subjects did not work at adjacent control positions wthin

the sanme scenario on sequential test runs. In addition, subject
assignnents to adjacent sectors in the north and south portions of
the airspace were varied to mnimze consistent pairing. These
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mani pul ati ons were introduced to reduce any contamnating effects
of excessive famliarity with specific patterns and to avoid the
devel opnent of cooperative strategi es anong controll ers.

Under the experinental design shown in table 1, an individual
subj ect experienced each scenario twice, and worked at the sane
control position in a single scenario in only two of the six cases.
In all instances, these exposures to the sanme control position
within the same scenario occurred at |east five test runs apart,

TABLE 1. EXPERI MENTAL DESI GN FOR FULL SCALE SI MJLATI ON

Run Comuni cat i on Subj ect/ Posi tion
O der Condi ti on Assi gnnent
S1 S2 S3 N1 N2 N3

1 1 Voi ce F D A A F D

2 2 DL 1 D A F F D A
S 3 3 DL 2 A F D D A F
c 4 4 DL 3 F D A A F D
e
n 6 5 DL 1 A F D D A F
a 1 6 DL 3 D A F F D A
r 5 7 Voi ce D A F F D A
P2 8 DL 2 F D A A F D
o]

3 9 DL 3 A F D D A F

4 10 DL 2 D A F F D A

5 11 DL 1 F D A A F D

6 12 Voi ce A F D D A F

KEY
Subj ects: Sn = South

Nn = North

Condi tions: Voice = Voice Radio Only

DL 1 = Short Pilot Data Link Response Del ay
DL 2 = Moderate Pilot Data Li nk Response Del ay
DL 3 = Long Pilot Data Link Response Del ay

Control Positions: A = Arrival
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and were evenly distributed across subjects over control positions
and conmuni cati on conditi ons.

The nmean pilot delay tines that were used in the three Data Link
test conditions were 10 seconds for the shortest delay (DL 1), 20
seconds for the noderate delay (DL 2), and 30 seconds for the
| ongest delay (DL 3). Wthin each condition, pilot response del ays
varied within a range +2 seconds around the neans and were randomy
selected from the range for each Data Link transaction. I n
addition, a system transmssion delay tinme was added to the pilot
delay for each transaction from a rectangular distribution with a
mean of 6 seconds and a range from 4 to 8 seconds. These val ues
are based on a best current estinmate of Mde S Data Link tota
system del ays for the conbi ned uplink and downlink. The sum of the
pilot and transm ssion del ays yiel ded average total delays for the
three conditions of 16 seconds (DL 1), 26 seconds (DL 2), and 36
seconds (DL 3). The corresponding ranges of total delays were 12
to 20 seconds (DL 1), 22 to 30 seconds (DL 2), and 32 to 40 seconds
(DL 3).

In all Data Link conditions, 2 percent of the attenpted uplinks
resulted in a technical failure (NAK). Al'l  successful uplinks
received a positive acknow edgenent (WLCO. Thus, tine-outs and
UNABLE responses were not tested in this portion of the study.

The delay times used in this study were generated by exam ning
current estimates of Mdde S transmssion tinmes and of potential
pil ot response tines as projected froma |limted nunber of airborne
Data Link sinulations. However, it should be noted that the
subject controllers were not aware of the portions of tine
attributable to system and pilot delays, and experienced only an
undifferentiated total delay time between sending a nessage and
receiving a pilot response. Hence, the results of the study are
not limted to any specific transm ssion technol ogy, and shoul d be
applicable to any conbination of system and pilot delays which
woul d produce total transaction delays in the ranges that were
t est ed.

The subjects were told prior to each run whether or not the
scenario would contain Data Link equipped aircraft. However, to
avoid potential judgenment bias in post-run ratings, they were not
informed of the average duration of pilot delays to be expected
during the run.

During each test run, a group of communications neasures and
experinmental system performance neasures were collected. Follow ng
each run, subjects conpleted a rating to indicate the perceived
| evel of workload that they had experienced. In addition, after
each Data Link run, the subjects estimated the perceived degree of
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impact of the Data Link delays, and were asked to provide witten
comments on specific experiences and coping strategies. After all
test runs were conpleted, the subjects were asked to provide
projective ratings of the operational suitability and of the
acceptability to controllers of each Data Link service as
i npl emented for the present study.

2.3.3. 4 Postt est Sessi on.

The final day of this study was devoted to an extended structured
debriefing and di scussion. The primary topics addressed during the
session were the individual Data Link service designs, global
design philosophy issues, training nmethodology, the perceived
impact of tine delays on Data Link usage and system perfornmance
and the overall projected effects of Data Link on ATC

G oup discussions on specific topics were initiated by test
per sonnel . Each topic or question was presented on an overhead
projection slide. The discussion facilitator elicited differing
opinions fromthe test subjects and attenpted to determ ne whet her
a group consensus opinion could be achieved in each case. Extensive
notes were taken by test personnel in order to accurately represent
the findings and any concl usions of the discussions. |In addition

audi o tape recordings were nmaintained to resolve any discrepancies
anong the witten notes during data anal ysis.

The service designs were revisited during the debriefing in order
to identify any changes in the judgnents made during the design
review that had arisen as a result of extensive usage of the
services during the full scale sinmulation tests. d obal issues
di scussed during the session included the perceived appropriateness
of using Data Link in the arrival, departure, and final approach
sectors, potential sources of controller error detected by the
subjects during the full scale tests (e.g., nenory failures), the
usability of the TI and M lists, and reconsideration of nanes for
the Tl and M [ists.

D scussion of the training protocol centered on the adequacy of the
training provided during the present study, and suggested
nodi fications for future testing with inexperienced controllers.
Finally, the subjects were asked to consider the way in which Data
Li nk del ays had affected their performance during the tests and to
project sonme of the overall effects that Data Link may have on the
ATC system

2.3.4 Data Collection.

2.3.4.1 Design Review Materi al s.
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The questionnaire bookl et used for the design review was simlar to
that developed for the first termnal mni study. For the present
study, the review booklet was organized in two sections (see

appendi x O. The first section addressed the designs of the
transaction status |ist and data bl ock status displays, the history
list, the initial contact service, the termnal information

service, the transfer of communication, and the nenu text function
used for sending speed, heading, and altitude cl earances.

Questions relevant to each of these topics were prefaced by a text
description of the operational features relevant to the function or
service. Initial questionnaire itens verified the fidelity wth
which the test bed service inplenentations reflected the design
nmodi fications introduced for this study by requiring the subjects
to judge the correspondence between the descriptions and their
actual test bed experience. Succeeding itens assessed the
acceptability of the service inplenentations observed in the test
bed, and solicited recomendations for any further design
nmodi fi cati ons.

The second section of the review focused on selected unresolved
design issues. Questions addressed preferences for the synbols
used to indicate Data Link equi page and communi cation eligibility
in the full data block, optional |ocations for the Data Link key on
the ARTS Il1l1 A keyboard, and potential changes to the nmenu text and
termnal information service |list designs.

2.3.4.2 Controller Evaluation Instrunents.

Control |l er workload was assessed imediately after each of the 12
full scale simulation test runs using the Subjective Wrkload
Assessment Techni que (SWAT). SWAT was developed in the early
1980's by the U S. Ar Force as a standardi zed net hod for obtaining
quantified estimates of perceived workload in a broad variety of
occupati onal tasks. The technique has received extensive use in
sinmulation and operational testing environments wthin the
Departnment of Defense, and was used successfully with air traffic
controllers in prior en route and termnal Data Link studies.

SWAT is used to rate the | evel of workload experienced by a subject

during a preceding period of work. Briefly, SWAT consists of
three, three-point rating scales referring to the dinensions of
time load, nental effort, and psychol ogical stress. Subj ect s

indicate the workload associated with an activity by marking the
appropriate point on each scale.

A unique feature of this workload neasurenment technique is that the
three ordinal ratings that are obtained are converted to single
points on an overall interval measurenent scale of workload with
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values ranging fromO (low workl oad) to 100 (high workl oad) using a
mat hemati cal anal ysis nethod known as conjoint neasurenent. Thi s
method not only vyields data which are anenable to powerful,
paranetric statistical testing, but also tailors the neasurenent
scale to each individual's (or honogeneous group's) concept of how
the time, effort, and stress dinensions conbine to produce the
overal | perception of workl oad.

The interval scale used to interpret the ordinal ratings is created
by having subjects generate an ordering of all 27 conbinations of
the tinme, effort, and stress levels on the scales which reflects
their individual concepts of how the three dinensions conbine to
produce different workload |evels. The card sorting task used
during the scale devel opnment exercise was conpleted by all six
subjects in this study during a prebriefing session. The SWAT
rating scale is included in appendix C along with instructions
provi ded to subjects during the scal e devel opnent exerci se.

Follow ng each of the nine Data Link test runs, the subjects
conpleted a series of rating scales and a checklist designed to
elicit their perceptions of the effects of the Data Link delays.
The data formused for these itens also is contained in appendix C

The rating scal es asked the subjects to estinate the effects of the
delays on (1) their ability to control air traffic, (2) their use
of the Data Link services, and (3) their use of voice radio instead
of Data Link. A fourth scale required the subjects to estinmate the
extent to which they would use Data Link in their home facilities
if delays as long as those experienced on the previous test run
were typical. Finally, a 10 item checklist was provided for the
controller to record additional effects of delays that were
experienced and any coping strategies used to deal with them

After conpleting all 12 simulation runs, the subjects perforned a
final set of evaluations. The controllers rated each of the four
termnal service designs on two factors (see fornms in appendix O.

The first scale required the subjects to assess the operationa

effectiveness and suitability of the service design. The data form
permtted the subject to rate a service as "not operationally
suitable" or on a 7-point scale ranging from 1 "mnimally
effective" to 7 "highly effective." Instructions for conpleting
this scale asked the subjects to use their experience in the Data
Link Test Bed and their prior background in term nal ATC operations
to assess how well each service design could acconplish its
intended task in the full range of potential field environnents.

The second rating was an estimate of the acceptability and
preferability of each of the service designs to air traffic
controllers. The data form permtted the subjects to rate a
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service as "conpletely unacceptable” or on a 7-point scale ranging
from 1 "acceptable, but not preferred" to 7 "highly preferred.”
Instructions directed the subjects to consider the extent to which
the displays, input requirenents, and procedures used to deliver a
service woul d be useable by air traffic controllers.

Additional explicit instructions for these two scales indicated
that the dinensions of effectiveness and preference should be
treated independently from one another since a service mght
include all functions needed to neet operational requirenents and
still be poorly suited to the way in which controllers perform
their functions. Likew se, a design could be easy to use, but have
m ssing features which prevent it from neeting operational needs.

2.3.4.3 Communi cati ons Measures.

Because one of the proposed benefits of an air-ground Data Link is
a reduction in voice radio frequency congestion, data were
collected during the sinmulation runs to gauge the use of the voice
radio and Data Link by the subject controllers. Radi o usage was
assessed by automatically detecting the occurrence of all push-to-
talk activations and deactivations of the controllers' mcrophone
when speaking to the sinulation pilots. Recordings of these events
yielded neasures of the nunber of controller initiated voice
transmssions during a test run and of the anount of tine the radio
channel was occupied by controller transm ssions. The nunber of
Data Link transactions initiated by the controllers were
automatically recorded by the VAX conputer which acts as an
emulation of the future Data Link Processor (DLP) and is
responsible for handling all digital communications in the Data
Li nk Test Bed.

2.3.4.4 Experinental Perfornmance Measures.

In addition to the controller evaluation and gl obal comruni cati ons
measures, a candidate group of objective performance netrics were

collected during the full scale simulation tests in order to
determne their feasibility for wuse in future operationa
eval uati on. These neasures included ATC system perfornmance and

addi tional indices of communications systemuse by the controllers.
Systens performance indices that were collected included neasures
of the degree of spatial separation anong aircraft and of the
efficiency with which aircraft were handled by the controllers and
noved t hrough the test airspace.

Separati on neasures recorded by NSSF conputers included the nunber
of times two aircraft cane within 1,000 feet vertically or 3 mles
horizontally of one another, as well as the anount of tine that the
aircraft spent within these proximty limts. The conputers also
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recorded two additional separation neasures: the O osest Point of
Approach (CPA) and the Aircraft Proximty Index (API). The CPA is
a non-weighted calculation of the shortest slant range distance

between two aircraft within the proximty limts. The APl is
calculated from an algorithm which conpensates for differences in
vertical and horizontal separation limts by using a weighted
conbi nation of the distances. The APl vertical conponent 1is

wei ghted approximately 18 tines greater than the horizontal
conponent and the resulting score ranges from O to 100, with 100
indicating a collision between the aircraft.

Efficiency neasures also were collected by the NSSF conputer.
These included the distance flown by each aircraft wthin a sector,
the tinme spent within a sector, and the nunber of controller
initiated path changes. Capacity was examned by a mnute-to-
mnute assessnent of the nunber of aircraft handled by each
controller

Addi tional conmunications neasures recorded to examne controller
performance included the tinme needed to issue a Data Link cl earance
or nessage, the frequency of callbacks from simulation pilots,
keystroke errors, repeats of voice nessages, voice contacts wth
Data Link equipped aircraft, and attenpts to contact unequi pped

aircraft using Data Link. Data Link nessage input tinmes were
assessed for only three of the control sectors using a video tape
record of the preview area on the controller's display. The

preview area displays the results of each key action in real tine
and is normally used by the controller as visual feedback for data
entries. Keystroke events and input tinmes were extracted nmanual |y
from the tapes during analysis. (bservers seated next to each
controller used checklists to record keystroke errors, call backs,
repeat ed nessages, usage of voice with Data Link aircraft, and
attenpts to contact non-equi pped aircraft using Data Link.

3. TEST RESULTS.

3.1 DATA LINK SERVI CE DESI GN REVI EW

Two mmjor objectives of this study were to evaluate the termna

Data Link service designs as nodified by the results of the first
ARTS |11 A study and to resolve a group of design issues which
remai ned open after the first study. The follow ng subsections of
this report present the findings that were obtained with respect to
t hese objectives. The results conbine data that were derived from
the individual design review booklets, the design review
debriefing, and the portions of the posttest debriefing that
addressed the service designs after the subjects had conpleted the
full scale sinulation testing series.
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3.1.1 Status List and Data Bl ock Status D spl ays.

The original ARTS IIIA inplenmentation of the termnal Data Link
services presented information to the controller regarding the
status of an ongoing transaction in the third line of the full data
bl ock associated with an aircraft track. The results of the first
study suggested that it nmay be necessary to increase the anmount of
information provided in the display by indicating the precise
nature of a transaction failure (e.g., a technical failure to reach
the aircraft (NAK), a pilot failure to respond pronptly, or a pilot
response of "unable to conply"). In addition, it was recomrended
that a status list be tested which would summarize all ongoing
transactions and provide full status data as well as a 4-second
display of WLCO as a confirmation that a recently conpleted

transaction had been successfully closed. Both of these
nodi fications were examned by the controllers in the present
st udy.

The design review results indicated that five of the six subjects
felt that the status list would not be a required feature for
operational inplenentation. The subjects who felt that the I|ist
woul d not be needed noted that the list was largely redundant with
the data bl ock display, and that consulting the list would require
an undesirable redirection of the controller's attention. The
controller who felt that the Iist would be required indicated that
it provides the persistent WLCO display which was not included in
the data block display to reduce clutter, but would be useful in
the list if the controller failed to notice the termnation of a
transaction and was unsure whether the nessage had been
successfully sent and acknow edged. In subsequent discussion, the
controllers generally agreed that the status |ist may have value in
[imted situations because it can contain nore conplete information
than the status block alone, and should be retained in the design
to accommodate any need for cuing the controller's nenory as well
as the requirenments of a predicted mnority of users who may rely
on the list as a primary source of transaction infornmation.
However, because of its redundancy, it appeared that the list could
be sacrificed in the final design if system conputational or
display limtations demanded the deletion of sone Data Link
features.

Al of the controllers felt that the status abbreviations used in
the list and the full data block display provided sufficient
information and were easy to interpret. The subjects also agreed
that the 4-second persistence of the WLCO in the status list was
probably sufficient, but that a |longer duration should be tested.
They noted that, as long as this feature is naintained, the ful

data bl ock should continue to indicate the successful conpletion of
the transaction by immediately clearing the third Iline. One
subject said that the 4-second display would be sufficient because
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the conpleted transaction also could be verified by consulting the
history Ilist. Four of the subjects also indicated that, if the
status list is maintained, it should be upgraded to include the
nmessage identifier when MI and Tl nessages are sent, in a manner
simlar to that used for the full data bl ock display.

Subsequent consideration of the individual services and procedures
resulted in agreenent anong the subjects that the failure nessages
(TIM NAK, UNA) should flash in the data block in order to capture
the controller's attention. In addition, significant changes to
the design were recommended with respect to the handling of the
"unabl e" and "tinmeout" status nessages. The controllers indicated
that the software should prevent the controller fromattenpting to
resend a nmessage to which the pilot has responded by indicating
that he is unable to conply. Likew se, because the tinmeout nessage
is intended to act only as a cue to the controller that an extended
period of tinme has elapsed since a nessage was sent, the
controllers argued that the tineout should not Ilock out a
subsequent response from the flight deck. According to this
recommendati on, the design should permt the controller to continue
to wait for a WLCO or unable response, if warranted by the ATC
situation.

3.1.2 Hstory List.

The history list is a feature that was added for the present study
based on controller concerns regarding problens that may ari se when
attenpting to recall Data Link instructions that had been issued to
an aircraft. D splayed by controller request, the list provided a
record of the last five nessages that had been acknow edged by an
aircraft.

Five of the six controllers indicated that the history list will be
a necessary feature of the design for operational inplenentation
These subjects felt that the list provided a necessary review
capability to ensure that past nessages had been sent and
successful | y acknow edged. It was also noted that the list would
be a significant aid when briefing a relief controller.

Four subjects felt that five nessages was a sufficient history

record. However, two of these, as well as the remaining two
subjects felt that the past three transactions also would be
sufficient and acceptable. Five subjects indicated that the

existing history display format was acceptable. The tested display
presented the nmessages in reverse order of receipt wth the |ast
transaction conpleted at the bottomof the list and the ol dest item
at the top
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For the present study, when requested by a slew action, the history
list overlaid the position occupied by the TI and M |ists and was
di spl ayed for 8 seconds. Three subjects indicated that the display
persi stence was adequate. However all subjects indicated that
display tinme would be dependent on the nunber of itens in the list,
and the controllers agreed during subsequent discussion that the
di splay tine should be adaptable and include an ability to manually
termnate the display as in the existing design. The controllers
al so generally agreed that the list could continue to share its
location with the nmenus, but that a separate location, or sharing
positions with the status list, would be preferred.

3.1.3 1Initial Contact.

Substantial changes to the initial contact service were recomended
by the subjects during this study. In the tested design, the
initial contact was acconplished by automatically uplinking an
assigned altitude request when the transfer of comunication was
conpleted and the receiving controller had obtained Data Link
messaging eligibility. Two problens with this procedure were
detected by the subjects during the design review and subsequent
testing under extended Data Link del ays. First, although all six
subjects agreed that flashing the display when an altitude request
message fails would inprove detection of a breakdown in the initial
contact process, they also noted that nmaking the receiving
controller responsible for the progress of a transaction that had
been initiated by the automation would result 1in excessive
noni t ori ng demands. More inportantly, as noted by four of the six
subjects during the design review, and all subjects after delay
testing, the tested design for initial contact requires an
addi ti onal upl i nk-downlink transaction during the transition
bet ween sectors which can significantly increase the tinme that the
receiving controller nmust wait before beginning to issue necessary
messages and control instructions.

In the inproved design reconmmended by the subjects, the assigned
altitude will be downlinked to the sending controller from the
aircraft as part of the WLCO response to the transfer of
communi cation nmessage. The altitude nmessage will then be sent to
the receiving controller over ground channels and displayed as a
flashing "I C altitude" in the third Iine of the data bl ock. Under
this design, the receiving controller will not be required to
nmonitor an altitude request nessage, and will not be forced to wait
for a second transaction to be conpleted after the transfer of
conmmuni cati on before sending ATC instructions.

3.1.4 TI Service.
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Tl messages were sent in the tested system by selecting a nessage
froma nenu list of alternatives. A default nessage |ocated at the
top of the list could be sent using sinplified inputs, and any TI
nmessage coul d be conbined wth a MI nessage in a single uplink.

Al'l of the subjects found the nmethod used for changi ng the nessage
designated as the default nessage acceptable. However, two
controllers felt that the system for conbining Tl nmessages and M
messages should be enhanced by permtting these conbined nessages
to be entered in any order and by allowi ng the uplink of nore than
one MI nessage with a Tl nessage.

Additional TI service design results were associated with the
all owabl e content of the messages and with the general issue of

menu item sel ection. These findings are presented in section
3.1.7.
3.1.5 TQOC

For the present study, the TOC design was enhanced to provide two
operational default nodes along with the ability to override either
default and change to the alternate node for a single transaction.
The default options were an automatic send node in which the
acceptance of a handoff by the receiving controller automatically
sends the TOC nessage, and a "hold node" in which the handoff
acceptance creates the nessage, but transmssion is wthheld until
the controller nmakes a nmanual input. The active default nobde was
di splayed on the first line of the status |ist.

Al six controllers indicated that each of the four transfer of
comuni cation options wuld be required in an operationa
inplenentation in order to maximze the use of automation while
maintaining the ability to disassociate the transfer of control and
the TOC events. Al controllers also agreed that the design should
be nodified by placing the display of the active default node in
sone other location than the status list, since this list is
expected to receive mnimal use and nmay be suppressed by a nmajority
of controllers. The systemdata area was suggested as an alternate
di splay | ocation. In addition, the subjects strongly recomended
that when the ATC conputer is activated, the TOC node should
initialize in the "hold" default rather than the automatic default
to insure safety.

Because the frequency change nessage is automatically created when
t he handoff is accepted, the controllers indicated that the design
should be changed to permt manual deletion of the held nessage
This change will accommobdate the ability to delete the nessage and
send the aircraft to an alternate radio frequency using voice.
Finally, the subjects noted that it wll be inperative to change
the design so that the controller will be able to offer a handoff
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to a receiving sector while a Data Link transaction is in progress.

The nodification will give the controller the ability to initiate
requi red handoff actions wi thout waiting for other clearances to be
acknow edged. This could be acconplished without requiring two

open Data Link transactions wth the sane aircraft by permtting
t he handoff to be conpl eted, but delaying the automatic or held TOC
uplink until the prior transaction has been cl osed.

3.1.6 M (Speed, Heading, Altitude O earances).

Both the TI service and MI functions rely heavily on the use of
predefined |lists of message itens which can be selected for uplink

by designating an item identifier. The results of this study
associated wth usage of this nmenu feature are di scussed in section
3.1. 7. Findings which are particular to the M function are

presented here.

Al six controllers agreed that the M function nust retain the
three nethods for sending nmultiple clearances in a single uplink
These included the ability to select up to three itemidentifiers
for uplink in a single nessage, reserving the use of one predefined
itemfor a conbined altitude, speed, and headi ng cl earance, and the
ability to conpose a "shorthand" multiple clearance using the nenu
by-pass function. Wile this flexibility was considered desirable
to the controllers, all six subjects recomended at |east one
change which would further increase the availability of options in
sendi ng ATC cl earances. These ranged from suggestions to add nore

multiple clearance I|ine itens, to <conpletely elimnating a
structured nmenu approach in which various itens are reserved for
specific clearance categories. |In general, the controller conmrents

i ndi cated that the nenu system shoul d be designed to be as flexible
as possible so that itens can be tailored to the needs of specific
sectors and ATC situati ons.

G her recommendati ons agreed upon by the subjects were to permt
the inclusion of nore than one nenu item in conbination with a
termnal information nessage, and to change the prefix letter input
for a speed clearance in the nenu by-pass feature from S to V
(velocity). This nodification would confine all by-pass prefixes
A H V) to a single colum of the ARTS keyboard, potentially
enhanci ng the ease of key sel ection.

3.1.7 M and TI Lists.

Possibly the nost inportant findings of the design review and the
subsequent debriefings associated with the controller-Data Link
interface were needs for refining the list design and inproving the
speed and accuracy with which controllers will be able to select
items from the TI and MI nenus. As a result of problens
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experienced during the high fidelity simulation trials, the
controllers agreed upon several changes in nmenu design and usage
pr ocedur es.

In the present study, the Tl service list was used to include the
final approach clearance and other control nessages that were not
suited to the structured design of the MI [|ist. The controllers
who participated in the study found that this lack of functiona
separation detracted fromthe distinctiveness of the two nenus and
increased the workload associated with selecting the desired
message. Because of this, it was recommended that itens on the TI
service list include only those nmessages that are informational in
nature. Al maneuvering cl earances should be restricted to the M
list.

A second source of problens noted by the controllers was that the
two lists used coomon sets of digits as itemidentifiers. This was
seen as a potential source of error because it was possible to send
an erroneous nessage by typing the wong single letter prefix prior
to the nessage identifier digit (e.g., typing MB when T3 was the
desired nessage). For this reason the subjects suggested using
exclusive digit sets to denote itens on the two lists or using
al phabetic characters for one list and digits for the other.

A third human factors design problemidentified by the subjects was
a spatial display/control inconpatibility between key |ocations and

list positions. As noted previously, all nenu nessages were
selected by typing a prefix letter denoting the appropriate |ist,
followed by an identifier digit. 1In the tested design, the TI |ist
was di spl ayed above the M |ist. However, the Mis |ocated above

the T in the sanme colum on the ARTS keyboard. The recomended
solution was to reverse the positions of the two lists on the
di splay to nake them spatially conpatible with the key positions.

A final <controller suggestion for sinplifying nmenu usage and
i nprovi ng nmessage selection accuracy was to nodify the lists so
t hat unneeded nessage |ines could be suppressed. This change woul d
reduce visual clutter in nmenus individually tailored by the
controller to require fewer than the total nunber of Iines
avai | abl e.

The controllers indicated that the use of spaces or l|abels to
separate nmessage categories in the lists also should be tested, but
felt that extended practice and operational use would help to
overcone many of the item selection problens that were encountered
during the study.

3.1.8 Data Link Synbol ogy and Key Locati on.
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The final 1issues considered during the design review were the
graphic synbol set wused to denote the Data Link status of an
aircraft, and the location of a key used to preface sone Data Link
keyboard inputs. As currently designed, the Data Link system uses
a graphic character in the first position of the first line of the
full data block to indicate the Data Link status of an aircraft to
the controller. No synbology in this position indicates that the
aircraft is not equipped with a functioning Data Link system A
graphic synbol is used to indicate that the aircraft is Data Link
equi pped, but is not eligible to communicate with the viewng
controller. A second synbol replaces the first to indicate that
the aircraft is equipped and is eligible to receive nessages from
the view ng controller.

The nunber of unreserved, non-confusible graphic synbols in the
ARTS I Il A systemthat are available for displaying this information
is extrenmely limted. Controller evaluation of the possible
synbol s yielded two options that were conpared in this study. The
first was a plus sign to indicate equipage and an asterisk to

indicate eligibility. The second was a dianond (7) to indicate
equi page and a square (W) to indicate eligibility. During the
design review, two subjects felt that either set would be
acceptable, while the remaining four preferred the +/* set. This
synbol set was used during the renai nder of the study. However
comments recorded during the full scale sinulation phase of the
study indicated that sone controllers found that identifying the
aircraft that were Data Link equi pped becane a significant task as
wor kl oad i ncreased. Consequently, it appears that inproved and
nore salient equipage/eligibility display nethods should be
considered as Data Link is transitioned to the next generation of
nore capable termnal controller display systens.

A unique Kkeystroke entry is required by the current design to
delete Data Link transactions, suppress or retrieve Data Link
lists, change the content of nenu nessage itens, tenporarily change
the TOC between the automatic and hold nodes, and sone other
functions. The function keys located at the top of the ARTS
keyboard are candidates for this input action. In the present
study, the F9 key located to the far left of the keyboard and the
F16 key on the right were conpared. Al six subjects preferred the
F9 key.

3.2 FULL SCALE SI MULATI ON AND DELAY TESTI NG

The full scale simulation phase of this study was conducted to neet
two objectives. First, these test runs were used as a basis for
expert controller judgnents regarding the inpact of tota
transaction time on usability, effectiveness and workl oad factors.
Second, the full scale testing was used as an opportunity to
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collect and analyze data on a variety of candidate system and

controller performance neasures which wll be considered for
application to future operational testing of the mature termna
Data Link service designs. The findings of the controller

eval uations are presented in the follow ng subsections, while the
results obtained from the candidate performance netrics are
presented in section 4 of this report.

3.2.1 Controller Wrkl oad.

3.2.1.1 SWAT Scal e Generati on.

Each subject conpleted the SWAT scal e devel opnent task prior to the
start of the 12 full scale sinulation test runs. The ordered card
sorts generated by the individual subjects were used as input to
the SWAT scaling algorithns in order to generate the undi nensional,
interval |evel workload scale values for each subject that woul d be
used to interpret the ordinal 1 to 3 ratings on the tine, effort,
and stress rating scal es.

The overall level of agreement anmong subject orderings of the 27
possi bl e conbinations of the tinme, stress, and effort ratings was
assessed by computing Kendall's Coefficient of Concordance. The W
statistic attained a value of .7718 indicating that only noderate
agreenent exi sted anong the subjects' internal nodels of the way in

which the three factors contribute to workl oad. Because of this,
the SWAT prototype analysis was perfornmed to identify any comon
subgroups within the subject set. This analysis indicated that

four of the subjects produced sorts consistent with a workload
nodel which has primary weighting on the stress factor, while the
remaining two subjects’ data were nore consistent with a tine
wei ght ed nodel . The average Spearnman's correlation between the
stress prototype subject sorts and ideal stress prototype nodels
was .93, while the average correlation between the tine prototype
groups scores and the ideal tine prototype nodels was .95,
indicating a strong |l evel of agreement within the two subgroups.

Accordingly, two SWAT analyses were performed to generate
i ndependent O to 100 workl oad scales for the two subgroups. Axiom
tests perforned on the average rankings for the subgroups produced
a m ni mum nunber of violations under the additive nodel. The final

scale values that were generated for transformng the ordinal

ratings for the stress group reflected approximate |evels of

i mportance of 23.1 percent for time, 16.8 percent for effort, and
60.1 percent for stress. The scale values for the tine group
reflected approximate levels of inportance of 58.9 percent for

time, 18.7 percent for effort, and 22.4 percent for stress.
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The raw workload ratings collected after the 12 simulation runs
were transforned to SWAT scores by referring to the scale
appropriate to the prototype subgroup nenbership of each subject.
Al statistical anal yses were perfornmed on these scores.

3.2.1.2 Effects of Transaction Delay and Sector Type.

The 72 scores generated by the six subjects after each of the 12
test runs were analyzed in a 3 (sector type) x 4 (communication
condition) nmultivariate analysis of variance with repeated neasures
on both factors. The results of the analysis reveal ed significant
effects of both communication condition (F(3,15)= 9.283, p=.002)
and of airspace sector (F(2,10)= 5.103, p=.029). The interaction
termwas not significant (F(6,30)=.700, p=.55).

As shown in figure 3, the results indicate that controller workl oad
increased as a function of increasing delay in the Data Link
conditions, and that the effect was additive with the inherently
different workloads of the arrival, departure, and final approach
sectors. Post - hoc conparisons were perforned on the overall cel
means for the communi cation condition factor using the Newran-Keul s
pr ocedur e. The results indicated that test runs conducted under
the shortest Data Link turnaround delay range (12-20 seconds) did
not produce a significantly higher level of controller workload
than those in which voice radio was used exclusively (p=.094)
However, both the longer 22-30 and 32-40 second delay ranges
produced significantly higher workload than that experienced under
t he voice conditions (p=.006; p=.001).

3.2.1.3 Effects of Repeated Testing.

As shown in figure 4, the effects of delay on controller workload
may have noderated as a function of repeated testing. Si nce
subjects participated at a given sector only once under each
comuni cation condition, neaningful statistical tests of this
apparent reduction in workload with practice at varying delay tines
could not be perforned. However, except for the |ongest (32-40
seconds) transaction delay, exam nation of the SWAT scores produced
under the three repetitions of the three delay conditions indicates
a general downward trend in workload as the subjects received nore
experience with the airspace, the Data Link services, and the
potential delays associated with Data Li nk conmuni cati ons.

3.2.1.4 Controller Conmments.

Witten comments solicited fromthe subjects by instructions on the
SWAT rating forns offered sone additional insights to the factors
whi ch influenced perceived workload. A total of 29 statenents
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regarding the sources of rated workload were obtained. O these, 2
were associated with the three voice-only test runs, 10 with the
short delay Data Link runs, 9 with the noderate delay runs, and 8
with the Iong delay runs. Four of the comments were related to
wor kl oad experienced at an arrival sector, 12 at a departure
sector, and 13 at a final approach sector.

The single factor cited as influencing rated workl oad nost often in
the comments was the Data Link turn around delay. O the 11
comments noting a negative effect of delay, 6 were associated with
the final approach sectors, 4 with the departure sectors, and 2
with the arrival sectors. Five of these were recorded after runs
at the longest turn around delay, two at the noderate delay, and 1
at the shortest delay. Delay effects reported for the final
approach sectors enphasized the reduction in tinme available to
maneuver aircraft onto the final approach course when the sequence
of TOC and initial contact transactions initiated by the arriva
sector were excessively del ayed.

O her defined sources of workload increases included |ow |evels of
skill and errors commtted when using the Data Link procedures (5
comments), unfamliarity with the airspace (1), and problens wth
the traffic in the test scenario or with the ARTS input devices
(3). Finally, 9 citings of simulator pilot errors were noted as
wor kl oad problens. Six of these occurred in final approach sectors
where the pilots failed to carry out a successfully received and
acknowl edged Data Link clearance or were not intercepting the
| ocal i zer. In all cases, subjects reported having to revert to
voi ce procedures to deal with the errors under the tine critica
condi tions of final approach.

Overall, 16 of the coments were relevant to the testing
conditions, while the remaining negative effects on workload
appeared to be attributable to factors unassociated with Data Link
usage or Data Link del ays.

3.2.2 Controller Perceptions of Delay Effects.

In addition to the SWAT workload rating, subjects conpleted a
second data form follow ng each of the nine Data Link test trials.
The purpose of the evaluation instrunent was to elicit inpressions
of the nature and extent of effects produced by the transaction
del ays experienced during the preceding trial. The five questions
that were presented are summari zed bel ow and a sanple data formis
contai ned in appendi x C.

1. To what extent did the Data Link turn-around delays that you
experienced during this run inpair your ability to control traffic?
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Scal e:

"1" - (Delays had no effect on ATC abilities)
to
"7" - (Extremely inpaired ATC abilities)

2. How did the Data Link turn-around del ays that you experienced
during this run affect your use of the Data Link services?

Scal e:

"1" - (No delay effect -- Used Data Link at every opportunity)
to
"7" - (Delays prevented any use of Data Link)

3. How often did you use voice instead of Data Link during this
run in order to avoid turn-around del ays?

Scal e:

"1" - (Never used voice when | could use Data Link)

"%9 - (Had to switch to voice all the tine)

4. In what ways did turn-around delays affect you or the way in

whi ch you controlled traffic during this run?

Check all that apply:
Data Link delays did not affect nme in any way.

| conpensated by sending Data Link nessages and cl earances sooner
than I would normally.

| used voice instead of Data Link.

| "got behind the power curve" and found it difficult to keep up
with the air traffic

| increased aircraft separation.
| made m nor control errors.
| made maj or control errors.

| sonetines forgot (tenmporarily) about an ongoing transaction or
its status.
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Because of the Iength of delays, | didn't use Data Link for (when):
(Describe services and situations.)

O hers effects of the delays (Describe):
5. Overall, if average Data Link turn-around delays in ny facility

were as long as those | experienced during this test run (and in
this type of scenario and control position):

Scal e:

"1" - (I would not use Data Link at all)

to

"4" - (I would use Data Link at every possible opportunity)

Questions 1, 2, 3, and 5 utilized rating scales which provided an
ordi nal scale of neasurenent. Because of this, statistical tests
on differences between the three Data Link delay conditions were
performed using distribution-free nethods. Question 4 was anal yzed
by conpiling frequency counts of reported occurrences of the listed
effects of transaction del ays.

3.2.2.1 Inpairment of ATC Abilities, Ability to Use Data Link, and
Use of Voice to Avoid Del ays.

The first three questions produced a common pattern of findings.
As shown in figures 5 6,and 7, nedian ratings indicate that, in
conparison to the longer transaction time conditions, when
operating in a shorter delay environnment, traffic control abilities
were perceived as less inpaired, subjects felt they were nore able
to use the Data Link services, and voice was used less often to
avoi d the consequences of delay. The ratings obtained for each of
the three questions were simlarly affected by the type of airspace
sector controlled during the test run, with the arrival sectors
produci ng | ower (less "negative") ratings than the final sectors.
The Friedman Two-WAy Anal ysis of Variance (ANOVA) by ranks was used
to test for the significance of the delay effect across sectors for
each question. This analysis identified a significant inpact of
transaction time for all three questions.

Question 1. Chi2=10.33, df=2, p<.005;
Question 2: Chi 2=6.583, p<.037
Question 3: Chi2=7.75, p<.020).

Subsequent WIcoxon Matched Pairs tests were used to perform
i ndi vidual conparisons anong the delay conditions. In all three
cases, these tests indicated that the 12-20 second delay ratings
were significantly lower than either the 22-30 second or the 32-40
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second test run ratings, and that the two |onger delay conditions
did not differ.

Median Controller Rating

Extremely
Impaired

Sector Type

. Arrival "
D Departure
D Final ]

No
Impairment 1

12-20 sec 22-30 sec 32-40 sec

Transaction Time

FIGURE 5. RATED | MPAI RMENT OF TRAFFI C CONTRCL ABI LI TY ATTRI BUTED
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TO DATA LI NK DELAYS

Delay Prevented
Any Use

Sector Type
. Arrival

D Departure

D Final

No
Effect

Median Controller Rating

12-20 sec
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22-30 sec

Transaction Time

32-40 sec



FIGQURE 6. RATED EFFECT OF DELAYS ON ABI LI TY TO USE DATA LI NK
SERVI CES

Median Controller Rating

Used Voice at
All Times

Sector Type

. Arrival .
D Departure

D Final 7

Never Used
Voice When Data
Link Possible 1

12-20 sec 22-30 sec 32-40 sec

Transaction Time

FIGURE 7. RATED FREQUENCY OF USE OF VA CE TO AVA D DATA LI NK
DELAYS
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W1 coxon Tests

Question 1 z val ue p
12-20 vs 22-30 2.201 . 027
12-20 vs 32-40 2.201 . 027
22-30 vs 32-40 1. 467 . 142
Question 2

12-20 vs 22-30 2.201 . 027
12-20 vs 32-40 1.991 . 046
22-30 vs 32-40 . 943 . 345
Question 3

12-20 vs 22-30 2.201 . 027
12-20 vs 32-40 2.020 . 043
22-30 vs 32-40 1.048 . 294

3.2.2.2 Effects of Delay and Adaptive Strategies.

Frequency counts for the eight potential effects of delay reported

by subjects under question 4 are shown in table 2. These are
presented both as a function of Data Link delay tinme and airspace
sector. In the follow ng discussion of these results, it should be

noted that, for any of the eight categories of effects, each of the
si X subjects had nine opportunities to indicate whether it had been
experienced during the test trials. Thus, cited percentages are
based on the observed frequencies out of a potential total of 56
reports for each listed effect.

The nost comonly reported effect of delay was "conpensating by
sendi ng nessages earlier"”. O the total 54 opportunities, 67
percent (36) indicated that this strategy had been adopted. The
strategy was nost common at the two |ongest delay tinmes (13 and 15
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vs. 8), and in the arrival and departure sectors rather than the
final sectors (13 and 14 vs. 9).

The use of voice radio as a neans to cope with delays was reported
on 38 percent (21) of the opportunities. This was nost comonly
reported at the two longest delay tines (9 and 8 vs. 4), and nost
often in the departure sectors.

Fewer reports of increasing aircraft separation as a response to

del ay were received. This strategy was reported on only 13 percent
TABLE 2. QUESTI ON 4 CHECKLI ST DATA
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Delays had no

Question 4: In what ways did Data Link

effect:

Arr.

Sector

Type Dep.

Fin.

the way in which you

Mean Delay
16 sec 26 sec 36 sec
3 1 1
2 0 0
3 0 0
8 1 1

I compensated by sending messages earlier:

Sector
Type

TABLE 2.

Arr.

Dep.

Fin.

Mean Delay
16 sec 26 sec 36 sec
3 5 5
4 6 4
1 4 4
8 15 13

13

14

QUESTI ON 4 CHECKLI ST DATA ( CONTI NUED)
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Question 4: In what ways did Data Link delays affect you

the way in which you controlled

| used voice radio:

Mean Delay
16 sec 26 sec 36 sec
Art. 1 2 3
Sector
Type Dep. 3 4 4
Fin. 0 2 2
4 8 9

I found it difficult to keep up with the traffic:

Mean Delay
16 sec 26 sec 36 sec
Arr. 0 0 0
Sector
Type Dep. 0 0 0
Fin. 0 1 0
0 1 0

TABLE 2. QUESTI ON 4 CHECKLI ST DATA ( CONTI NUED)
a7
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Question 4: In what ways did Data Link

the way in which you

I increased aircraft separation:

Mean Delay
16 sec 26 sec 36 sec
Art. 0 2 1
Sector
Type Dep. 0 1 1
0 4 3
I made minor errors:
Mean Delay
16 sec 26 sec 36 sec
Ar. 0 1 2 3
Sector
Type Dep. 2 1 0 3
Fin. 0 1 1 2
2 3 3
TABLE 2.

QUESTI ON 4 CHECKLI ST DATA ( CONTI NUED)
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Question 4: In what ways did Data Link

the way in which you

I made major errors:

Mean Delay
16 sec 26 sec 36 sec
Arr. 0 0 0
Sector
Type Dep. 1 1 1
1 1 1

I sometimes forgot about an ongoing transaction:

Mean Delay
16 sec 26 sec 36 sec
Al 0 0 0
Sector
Type Dep. 0 1 0
Fin. 0 1 2
0 2 2
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(7) of the opportunities, and reports were confined to the two
| ongest del ay tines.

On 18 percent (10) of the opportunities, the subjects reported that
del ays had no effect. These were reports were concentrated at the
| owest transaction delay (8), and were nbst commbn in the arriva
sector (5).

On 8 of the reporting opportunities, subjects recognized that they
made mnor control errors because of delay, while 3 reports of
major errors due to delay were received. The three major errors
reported were confined to departure sectors, while mnor errors
were distributed across del ays and sectors.

No reports of having difficulty keeping up with the task of
controlling the air traffic were received, and only four reports of
forgetting about the status of ongoing Data Link transactions were
recor ded.

Two open-ended categories of effects included in question 4
permtted the subjects to indicate what specific tasks were not
acconpl i shed using Data Link because of the delays, and to note any
other effects of delay not included in the preceding list. Since a
total of only 25 reports were received under these two categories,
the results were conbined for the foll ow ng di scussion

When working the arrival sectors, the controllers wote 5 reports.
These included the decision not to use Data Link for one altitude
cl earance, when a potential separation problemarose, for the final
descent out of the sector, and when a long duration ongoing
transaction prevented the controller from sending a subsequent

cl earance when needed. One additional report noted that an
unlisted effect of Data Link was a tendency not to attend to the
flight progress strip marking task. Two of the reports were

obtained at the shortest delay, one at the noderate delay, and
three at the | ongest del ay.

Six reports were received from controllers when working departure
sect ors. These included not wusing Data Link to clear up the
consequences of a pilot error, problens in renmenbering how to use
the multiple nmessage nmenu text feature, abandoning Data Link under
any condition that was not routine, and two reports of switching to
voi ce when an ongoing transaction prevented the controller from
issuing a needed clearance. The sixth report indicated that an
unlisted delay effect was a perception that turns and clinbs
occurred later than anticipated. Each delay condition produced two
of the reports.
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The final approach sector conditions produced 14 reports. O
these, 8 were indications that because of delays Data Link was not
used for sonme or all turns onto the final approach course, and 2
indicated that delays prevented the use of Data Link for any
control instructions. Three reports noted the inability to use
Data Link when needed during |engthy transaction del ays. These
cited the problem of significant flight progress within the sector
before the delayed Data Link transfer of comunication and initial
contact were conpleted. Three of the reports from the final
sectors were obtained at the shortest transaction delay, 7 at the
noderate del ay, and 4 at the | ong del ay.

3.2.2.3 Projected Use of Data Link in the Qperational Environnent.

The final item on the delay evaluation form asked the subjects to
make an expert projection of the extent to which Data Link woul d be
used at their own facility at sectors and delays simlar to that
experienced during the prior test run. The results obtained from
the ratings on the 4-point scale are shown in figure 8. As the
median ratings indicate, predicted Data Link usage would depend
both on the type of sector and on average turn around tines. In
the best case, all 6 subjects felt that Data Link would be used at
every opportunity or slightly less often than if the delays were
shorter in arrival sectors with transaction tines in the 12 to 20
second range. At the other extrene, in final approach sectors at a
32 to 40 second delay, 4 subjects indicated that Data Link woul d be
not be used at all or nmuch less often than if the delays were
shorter.

Statistical testing using the Friedman Two Way Anal ysis of Variance
confirmed the observation that transaction tinme significantly
affected projections of Data Link wusage in the operational
environment (Chi 2= 10.33, p<.005). I ndi vidual tests on pairs of
delay conditions using the WIcoxon procedure showed that, across
sectors, the 12 - 20 second delay produced significantly higher
projections for Data Link use than the 22 - 30 or the 32 - 40
second delays (z=2.201, p<.027 for both tests). The two | ongest
delay conditions did not yield significantly different projections
for field use (z=1.825, p<.068).

3.2.2.4 Conposite Controller Problem I ndex.

A primary purpose of the full scale simulation testing conducted
during this study was to obtain a prelimnary estimate of the
inpact of Data Link transaction delays in differing termnal ATC
sectors. In order to gain a single overall inpression of the way
in which the subject controllers perceived this effect, a conposite
controller problem index was devel oped based on a summary of the
detail ed findings discussed above.
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The conposite problemindex was derived fromthe results of 12 of
the post-run controller evaluations discussed above. These are
expressed below as 12 problem factors that could have been
experienced under each of the nine conbinations of transaction
del ay and sector type:

Median Controller Rating

Would Use at
Every Opportunity

Sector Type
. Arrival

D Departure

D Final

Would Not
Use At All

12-20 sec 22-30 sec 32-40 sec

Transaction Time
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FIGURE 8. PRQIECTED USE OF DATA LI NK AT HOVE FAC LI TY SECTORS

1. H gh Wrkl oad

2. Inpaired ATC Abilities

3. H gh Voi ce Radi o Usage

4. Low Predicted Data Link Usage in Field Settings
5. Negative Delay Effects

6. Need to Send Messages Early

7. Dfficulty in Keeping Upo with Air Traffic
8. Need to Increase Separation

9. Mnor Control Errors

10. Major Control Errors

11. Menory Problens

12. Inability to Use Data Link

For each factor, the overall scale range used by the subjects was
determned. The ranges were then split at the mdpoint, and these
val ues were used as judgenent criteria. For each factor, the nean,
medi an, or frequency count within each of the nine conbinations of
sector type and delay duration was conpared to the criterion. | f
the value in a cell exceeded the mdpoint criterion, one problem
index point was accunulated for the associated sector/delay
condi ti on. The conposite index score for each condition was
conputed as a sinple sum of the problem index points received.
This produced a scale ranging from O (no problens) to 12 (high
pr obl em frequency).

The conposite controller problem index scores derived in this
manner are presented in figure 9. When interpreting the data
produced by this sinplified conbinatorial nethod it should be noted
that the problem factors upon which the index was based are
probably non-independent, and that, although they may differ in
i nportance, each factor was given equal weighting. Nevert hel ess,
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inspection of the results offers what appears to be a reasonable
summary of the accunulated findings of this study derived from
expert controller perceptions on nmultiple dinensions.

If an arbitrary score of greater than six points is assuned as a
criterion for significance, figure 9 clearly indicates that nore
problens with the usability of Data Link and the effectiveness of
the controller's performance energed when total transaction tines
were equal to or greater than 22 seconds in the departure and fi nal
approach sectors. Conversely, long transaction del ays appear to
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Problem Index*

12

10 [

v | | |

12-20 sec 22-30 sec 32-40 sec

Transaction Time

Sector Type

. Arrival D Departure D Final

*Count of above scale midpoint
means, medians or frequencies
on 12 evaluation factors

FIGURE 9. COWPCSI TE CONTRCOLLER PROBLEM | NDEX
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have been nore tolerable in the arrival sector, and all sectors
produced | ow conposite problem scores when del ays were confined to
a range of 12 to 20 seconds.

3.2.3 Projected Uility of Tested Data Link Service Designs.

After conpleting all 12 sinulation runs, the subjects were asked to
provide an overall evaluation on two dinensions for each of the
Data Link service designs as tested in this study. First,
controllers rated the projected operational ef fectiveness/
suitability of each service. This dinmension was defined as the
extent to which a service design could neet the technica
requirenments of the ATC function that it was designed to perform
The second dinension evaluated for each service design was
controller acceptance and preference. This factor was defined as
the extent to which the displays, inputs and procedures associ ated
with the service design would nmake the service wusable by
controllers and conpatible with their styles of controlling air
traffic. Ratings obtained on both dinmensions for each service are
presented in figures 10 and 11

3.2.3.1 (Qperational Effectiveness and Suitability.

None of the controllers rated any of the four tested service
designs as "not operationally suitable.” In addition, all ratings
of effectiveness for the termnal information, transfer of
communi cation, and nenu text services were either at, or above the
m dpoint of the scale (neets nost requirenents). A Friedman Two-
Way ANOVA revealed no statistically significant differences anong
t he servi ce desi gns in effectiveness/suitability ratings
(Chi 2=3. 75, p<.289).

3.2.3.2 Controller Acceptance and Preference.

As with the effectiveness ratings, none of the controllers judged
that any of the four service designs would be "conpletely
unaccept abl e". However , ratings below the scale m dpoint
(noderately preferred) and | ower nedian ratings than those assigned
on the operational effectiveness scale were obtained for the
termnal information service and nenu text. The Friedman Two- Wy
ANOVA corroborated this apparent difference between the ratings on
the two dinmensions by detecting a significant difference anong the
services in controller acceptance and preference (Chi2=7.80,
p<. 05). Subsequent W/ coxon tests performed on service pairs
indicated that the tested nenu text design was significantly |ess
preferred than the designs for the initial contact (z=2.022,
p<.043) and the transfer of communication (z=2.022, p<.043).
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Witten comments provided by the subjects with respect to their
ef fectiveness and preference ratings are summari zed bel ow for each

servi ce design.

Rating Initial Contact Fiaure 10: ectiveness and Acceptance -
. . . Highly |~ - .
. Projected Operational Effectiveness Ireeeres Contact and Terminal Information
Highly L - < Median - 1.5
Effective > Median - 1.5 Services
1
2
3
Meets Most 4 Projected Controller Acceptance
equirement: +
Minimally |5 - Acceptable,
Effective + E::f No;d
6 err
! 2
0
. . . . . 3
0 1 2 8 4 5 6 Moderately
Number of Controllers Responding Preferred 4
5
6
Rating Highly * * * * *
Terminal Information Preferred 0 1 2 3 4 5
High Projected Operational Effectiveness < Number of Controller
ignly

Projected Controller Acceptance

Meets Most
Minimally But Not J
Effective Prefered |,

3

Moderately
Preferred 4

0 1 2 3 4 5 6

Number of Controllers Responding

e [

o
[N
N

3 4 5

Number of Controllers Responding
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Rating

Highly

Effectivness

«—|Median -
10

Transfer of Communication

Projected Operational Effectiveness

Minimally
Effectiveness

Meets Most
Requirements 4

Ra

Highly
Effective

1 2 3 4 5 6

Number of Controllers Responding

Menu Text

Projected Operational Effect

Minimally
Effective

Meets Most
Requirements 4

1 2 3 4 5 6

Number of Controllers Responding

Highly
Preferred

(s |

Figure 11. Effectiveness and Acceptance -
Transfer of Communication and Menu

Text Services

Acceptable,
But Not
Preferred

Moderately
Preferred

Projected Controller Acceptance

4

2 3 4 5

Number of Controllers Responding




Projected Controller Acceptance

Moderately
Preferred 2

0 1 2 3 4

Number of Controllers Responding
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The single bel ow scale mdpoint value (5) for the effectiveness of
the initial contact service was explained by the rater as a problem
with the time taken to send the altitude request and receive the
downlinked initial contact nessage. Three coments on the
effectiveness of the Tl service design indicated that the maxi num
perm ssi bl e nessage | ength was too short to accommodate the |engthy
messages for which the service is considered nost effective.

TOC, the service design wth the best nedian ratings on
ef fectiveness and acceptance, received one coment indicating that
it would be used today if avail abl e.

MI elicited five coments fromthe subjects. Two of these referred
to limtations in the design of the service noting that (1) it
shoul d be possible to reduce the nunber of itens in the nenu if a
shorter list is desired, and (2) that the design inposes Iimts on
the order in which conbined clearances can be entered and sent.
G her comments indicated that the effort required to send contro

clearances via Data Link was too high to be acceptable, that
control clearances should be restricted to one nenu, and
informati onal nmessages to another in order to avoid confusion, and
that the value of the service will depend on devel oping brief and
effective nmenus that can be rapidly nmenorized by the controller.

3.3 Debriefing.

The final day of this study was devoted to a debriefing and
di scussion session which covered the topics considered in the
foll owi ng four subsections.

3.3.1 Data Link and Airspace Training.

A secondary objective of this study was to assess the quality of
airspace and Data Link training that was provided and to generate
inprovenents in the training protocol that wll be needed for
future operational evaluation research. Training levels directly
affect the types of conclusions that can be drawn from the data
that are collected in manned sinmul ation research. Because of this,

i ncreasi ngly thorough anounts of subject training and higher |evels
of acquired expertise are required as research progresses from
prelimnary Data Link ATC service design evaluation studies,

through internedi ate design studies such as the one reported here,

and finally to operational evaluation testing. At the operationa

eval uation stage, it nust be possible to denonstrate the effects of

Data Link services on system |evel performance factors such as
safety, efficiency, and capacity. For such neasurenents to be
valid, the level of simulation fidelity nmust be extrenely high, and
subject controllers should be as famliar wth the airspace
procedures and with the Data Link services as they mght be if they
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were working in their honme facility using comunication nethods
with which they have had the opportunity to develop a high degree
of proficiency.

During the present study, several indicators suggested that
inprovenents in training wll be required for operationa
eval uation testing. For exanmple, as testing proceeded over the

twelve full scale simulation trials, controller workload decreased
and the negative effects of transaction delay on Data Link usage
appeared to dimnish. Controller coments recorded during the
testing also suggested that the practice effect was quite strong.
| nprovenents were apparent in the facility wth which the
controllers enployed the Data Link services and in their
famliarity with the air traffic procedures. In addition, the
controllers appeared to devel op strategies for using Data Link even
under extrene transaction del ays. These included inproved timng
in issuing Data Link clearances, and better recognition of
situations which called for immediate use of voice radio rather
than Data Link. Furt her evidence of the devel opnent of enhanced
strategi es was provi ded by nunerous observations of the controllers
nodifying their MI lists to include clearances that were tailored
to their inproving capabilities to use Data Link effectively.

Taken together, these findings suggest that for operational
evaluation studies, the subjects should be given mnuch nore
extensive practice with both the test airspace and the use of Data
Link before data collection begins. Wil e additional classroom
separate airspace, and Data Link procedural training nmay not be
required, practice tine under full fidelity sinmulation conditions
probably should be increased to at least twi ce the anount of tine
devoted to full scale testing during the present study (16 to 24
hours) . Furthernore, formal testing of airspace famliarity and
know edge of Data Link inputs should be included in the protocol.

Beyond the general finding discussed above, the controllers
suggested a nunber of additional changes to inprove the training
protocol and materials. Wth respect to the test airspace,it was
reconmmended that the airspace maps and witten procedures be
provided to the subjects one week prior to arriving for training
and testing. It was al so suggested that the overhead area on the
ARTS workstations be used during training and testing to display
maps and procedural information in lieu of the booklets provided
during this study.

The controllers also indicated that Data Link training would be
enhanced by reserving sufficient tinme prior to training for the
subjects to study functional descriptions of each of the Data Link

servi ces. Descriptions simlar to those used during the design
review portion of the present study were recomended (see appendi X
0. Finally, the subjects felt that a quick reference card
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summari zing Data Link input procedures would be wuseful during
training and testing at the ARTS workstations.

3.3.2 Data Link Usability in Term nal Airspace Sectors.

A second topic which was discussed during the debriefing was the
controllers' perceptions of the degree to which Data Link services
would be usable in different sectors of termnal airspace. The
consensus opinion of the subjects was that Data Link usage could
not be mandated or precluded sinply by considering the general type
of sector involved. |Instead, they indicated that the degree of use
would be driven by the tine criticality of specific ATC situations
and by the duration of Data Link total transaction tines. For
exanple, it was noted that while using Data Link to issue tactical
speed, heading, and altitude clearances in the final approach
sector at a very busy airport may not be feasible, such actions may
be common at a low traffic airport or where the approach segnent
can be sinplified to the point that the |anding can be directed by
a single nessage sent as the aircraft enters the final approach
ai rspace. Likew se, whereas Data Link was seen as extrenely useful
for issuing clearances to departing aircraft on particul ar headi ngs
in the present study, other departures which required conplex turn
and clinb instructions imediately after take off to achieve a
restricted altitude wndow were nearly inpossible wth [|ong
transacti on del ays.

In general, the subjects argued that the conmunication roles played
by Data Link will have to be adapted to specific airspace and
procedural requirenments, and that transaction tinmes will be a major
determnant of the |level of usage that Data Link receives.

One specific Data Link design feature that was discussed in the
context of this issue was the tested nethod for acconplishing the
TOC and initial contact sequence. The controllers indicated that
the utility of these services would be conprom sed under all but
the shortest transaction delay conditions because two uplink-
downl i nk sequences were required before the receiving controller
could comunicate with an aircraft. For this reason, the subjects
placed a high priority on integrating the initial contact with the
TOC as described in section 3.1.3 of these results.

3.3.3 Potential Causes of Controller Error.

During the debriefing the subjects also were asked to reflect on
their experiences under full scale simulation conditions, and to
attenpt to identify the types of errors that mght be nade by
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controllers when enploying Data Link. Prior termnal Data Link
studies produced anecdot al data which suggested that the
controller's short term nenory for messages issued via Data Link
may be poorer than nmenory for voiced nessages. The controllers who
participated in the present study also noted this difference, and
suggested that part of the problem may be associated with reduced
attention to maintaining flight strips due to the increased
keyboard activity associated with Data Link. However, the subjects
also indicated that the history list feature added to the design
for the present study offered a viable solution to occasional
menory |apses, and was used effectively during the sinulation
t ests.

A second type of error discussed was the inadvertent attenpt to
send Data Link nessages to non-equi pped aircraft. The controllers
indicated that determning the Data Link eligibility of an aircraft
was a non-trivial task during full scale sinulation and that this
additional effort may detract from concurrent visual scanning and
pl anni ng tasks. As discussed in section 3.1.8, inproved
equi page/eligibility displays may have to be deferred until the
advanced capabilities of future termnal controller displays becone
avai | abl e. However, because visual pattern recognition tends to
becone highly automatic with experience, it is also likely that
increased practice with the current synbology may reduce the
attentional denmands of determning the Data Link status of an
aircraft track

A final error category discussed by the subjects was inappropriate
data entries on the ARTS keyboard. The present service designs use
abbrevi at ed keystroke sequences to designate nessages contai ned on

the Ml and Tl lists. Wiile this is a desirable feature because it
l[imts the manual task demand associated with sending Data Link
nmessages, it is also problenatic. H ghly abstracted and

abbreviated inputs are inherently subject to error because of |ow
redundancy in the nessage string and the limted anount of feedback

provided to the controller during the data entry task. The
subj ects nade several suggestions for reducing this type of error
(see section 3.1.7). In addition, because the results of an

erroneous uplink may not be directly apparent until the aircraft
whi ch recei ves the nessage begins to execute an action not intended
by the controller, it was suggested during the discussion that the
transaction status information presented in the full data bl ock be
inproved to provide | ess abstract feedback regarding the content of
the nessage sent by the controller. For exanple, the current
design presents MI7 in the data block to indicate that an altitude
clearance contained in item 7 of the mnmenu had been sent.
Confirmation that this was the attended nessage requires the
controller to consult his nmenory for the contents of item7, or to
check the menu displayed on the screen. Based on the discussions
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conducted during the debriefing, it may inprove self detection of
input errors if the third line presented nore direct feedback about
cl earance content (e.g., DTAM 9000).

3.3.4 Inpact of Data Link on Term nal ATC

Finally, in light of the testing experience, the controllers were
asked to express summary opinions concerning the inpact that Data
Li nk services can be expected to have on the overall operation of
the ATC system The controllers reiterated several proxinmal
effects of Data Link which they felt would benefit the system In
general, the subjects agreed that the quality and effectiveness of
ATC comuni cations would be inproved significantly. Increases in
system safety woul d be achi eved through fewer conmunications errors
and decreased frequency congestion. The controllers also indicated
that the ability to automate lengthy and repetitive advisory
messages and to reduce the denmand associated with TOC and initia
contact would be reflected in inprovenments in system efficiency.
Efficiency was al so expected to increase in situations where the
controller will be able to use voice and Data Link in conbination
to acconplish nore tasks in a limted period of tine. Al t hough
they noted that system capacity was ultimately limted by the
maxi mum arrival acceptance rate at an airport, they also indicated
that the addition of the Data Link channel is likely to increase
the nunber of opportunities in which current effective capacity
limts can be overconme by elimnating delays attributable to the
si ngl e channel conmmuni cations capability of voice radio.

4. EVALUATI ON OF EXPERI MENTAL PERFORVANCE MEASURES.

4.1 PERFORVANCE RESULTS.

The results reported in this docunent are to be considered as
tentative, given the experinental nature of the nmeasures involved.
Wien, after a careful analysis of the results, a chosen neasure was
not considered reliable only general results are reported. A
nunber of neasures wll require further devel opment during future
Data Link studies in order to inprove their wusefulness and
accuracy.

In each analysis, the effect of side of airspace was tested and
found not to be significant. The Huynh-Feldt correction to the
degrees of freedomfor the w thin-subjects Miultivariate Anal ysis of
Variance (MANOVA) was applied when violations of the assunption of
sphericity were found.

4.1.1 ATC System Safety.
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The primary neasure of safety in Mni Study 2 was the nunber and
severity of conflicts. Both the NSSF and ARTS systens tracked
conflicts using simlar, but not identical approaches. Due to the
effort required to mani pulate and reduce the ARTS data, the NSSF
reports were relied upon for the conflict analysis. The ARTS
conflict reports were used as a cross reference.

There were differences in the frequency of conflicts over the four
comuni cation conditions (voice only and the three Data Link

del ays). The nunber of conflicts while aircraft were exclusively
under voice control was nearly identical to the nunber in the
shortest Data Link condition. Nunber of conflicts increased as
Data Link delays becane | onger. However, further study of the

conflict neasure is needed to determne that all of the conflicts
detected were valid. A qualitative analysis of the nost severe
conflicts would then be required to determ ne whether the use of
Data Link was a causative factor

ANOVA's would normally be applied in this situation to assess
whet her differences existed in conflict severity between the four

communi cation conditions. Measures to test would include the
duration of conflict, APlI, and CPA values calculated by the NSSF
conmputer for each conflict. However, the duration, APlI, and CPA

vari ables were narkedly skewed and this ruled out the application
of paranetric tests such as ANOVA Alternately, nonparanetric
tests could be used to test the results for significance. Even if
the distributions were nornmal, the conflict severity variables
could only be employed if it was initially determned that the
conflicts detected by the NSSF were vali d.

4.1.2 ATC System Efficiency and Capacity.

4.1.2.1 Flight Tine.

The NSSF system neasured the anount of tine an aircraft spent in
each sector (between controller acceptance and handoff). If Data
Link with voice supported nore efficient nmanagenent of aircraft,
sone benefit mght be defected by considering the tinme aircraft
spent in each sector

Flight times were categorized by comunication condition and
position type. An MANOVA was used to test the one between-subjects
variables and two w thin-subjects variables design and showed that
the main effect of comuni cation type was not significant (F(3, 15)
= 1.62, p = .226) but that the effect of position (F(2, 8) = 45.09,
p = .000) was significant. The interaction of the two factors was
also significant (F(6, 30) = 4.77, p = .002). The cell neans are
shown in figure 12.
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Al though figure 12 suggests that communication condition and
position jointly affected flight tines, the significant interaction
of communication type and position in the above statistical test

shoul d be i gnored. It is nost likely an artifact of the test
procedure. However, when the departure sectors were tested alone, a
significant effect of comunication condition energed. MANOVA
results were (F(3, 15) = 4.95 p = .014). It is legitimate to

anal yze each type of airspace independently, given that different
functions and kinds of activities are perforned in each.

4.1.2.2 D stance Fl own.

Average distance flown in each sector was also evaluated as a
measure of efficiency. D stances were analyzed by comunication
condition and position type. An MANOVA showed no significant main
condition type (F(3, 12) = 2.89, p = .079) and a significant effect
of position (F(2, 8 = 51.87, p = .000). The interaction of the
two factors was significant (F(6, 24) = 4.14, p = .018) but again
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must be interpreted with caution. The cell neans are shown in
figure 13.

A significant effect of comunication condition enmerged when the
departure sectors were tested al one, MANOVA results were (F(3, 12)
= 4.39, p =.026).

4.1.2.3 Pat h Changes.

The path changes made by each aircraft in each sector were
automatically recorded by the NSSF conputer system It was thought
that Data Link with voice mght allow controllers to be nore
efficient in issuing ATC requests resulting in a |ower nunber of
changes in altitude, speed, or heading nmade by aircraft while in a
sect or.

An MANOVA did not show a significant main effect of comunication
type (F(3, 12) = .95, p = .446), but indicated a significant effect
of position(F(2, 8 = 56.45 p = .000). The interaction of the two
factors was not significant (F(6, 24) = .80, p = .517). The data
are plotted in figure 14.

The significant effect for position is nost likely attributable to
the | arger nunber of path changes in the final sectors.

4.1.2. 4 Traffic Load.

In many studies of ATC, the nunber of aircraft a controller can
safely handle is enployed as a neasure of the effectiveness of the
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system under test. In this study, traffic |oad was hel d constant
across all ATC scenarios and therefore there was little expectation
that differences in traffic |oad woul d appear across conmuni cation
condi ti ons.

A test of the nean nunber of aircraft handl ed in each comunication
condition did not prove to be significant (F(3, 12) = 2.17, p =

.184). However, there were significant differences between
positions (F(2, 8 = 365.82, p = .000). The interaction of the two
factors was not significant (F(6, 24) = 1.12, p=.383). Individua

controllers worked an average of 16.5 to 18.4 aircraft.

4.1.3 Voi ce and Data Link Usage.

4.1.3.1 \Voi ce.

It was expected that the availability of Data Link services would
reduce the need to use the radio tel ephone system to comunicate
requests to aircraft. As is denonstrated in figure 15, there was
considerably less use of the voice channel (expressed as a
proportion of the total run tinme) in the shortest Data Link
condition for all positions. In the longer Data Link delay
situations, voice usage rose in the final sectors but voice tine
remained lowin the arrival and departure positions.
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A test of the differences between the groups (using MNANOVA)
resulted in a significant main effect of communication condition
(F(3, 12) = 43.03, p = .000), and of position (F(2, 8 = 3.76, p =
.071). Their interaction was not significant (F(6, 24) = 1.98, p =
. 118). This neans that, although there were significant
di fferences between comunication conditions, this was no so for
position, and the communication and position factors did not
jointly affect voice usage. The appearance of large differences in
voi ce usage between comunication conditions as a function of
position may not be neaningful due to large variations in how
subj ects used voice. However, there was a trend in the data toward
increased voice usage in the final sectors as Data Link delay
increased. This should be studied further.

Voi ce nessages were very consistent in length (about 4 seconds).
(Only nessages from controller to pilot were considered in this
study.)

Simlar results enmerged for nunber of push-to-talk actions. A
voice transmssion was considered as the comunication of one
packet of information to the pilot. The nmessage m ght consist of a
query, information useful to the pilot, or an ATC request (such as
a clearance or altitude, speed, or headi ng change)or a conbination
of the above. As indicated in figure 16, there was a decrease in
the nunber of voice transm ssions per mnute across all positions
for the shortest Data Link condition.

In parallel to the voice nessage tine data reported above, the rate
of message production seenmed to remain about the sanme in al
positions except the finals, where the frequency of use of the
radi o system appeared to increase in the medium and |ong Data Link
del ay conditions. MANOVA was used to test the differences between
the groups and resulted in a significant effect of conmunication
condition (F(3, 12) = 27.51, p = .000) and of position (F(2, 8) =
3.81, p =.069). Their interaction was not significant (F(6, 24) =
2.54, p = .072). SSmlar to the voice tine data, there were
significant differences for push-to-talk activity between different
conmmuni cations conditions but not for position. The communication
type and position factgors did not jointly affect the nunber of
push-to-talk actions. Therefore, the appearance of [large
differences in voice radio activity in the communication conditions
as a function of position may not be neaningful due to I|arge
variations in how subjects used voice. However, there was again a
trend in the data toward i ncreased voice usage in the final sectors
as Data Link delay increased which should be studied further.
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4.1.3.2 Dat a Li nk.

Sources of information regarding Data Link nessages included the
VAX and NSSF conputer systens and vi deotapes of the ARTS II1A radar
screens during the simulation experinent.

The VAX conputer continuously recorded all Data Link transactions
for each run with no labels for originating ATC position, but with
time stanps for nessage and receipt of WLCO. Due to the format of
the VAX Data Link records, it proved to be very tine consumng to
assign each nessage to a controller position. Therefore, only a
sanple of the VAX data was analyzed to determine Data Link delay
times and to correlate with other records.

Cal cul ations of the Data Link automatic delay times from the VAX
records (the interval between pressing the ENTER key and receiving
a WLCO vyielded the follow ng tines:

Short: average = 17 seconds; standard deviation = 2 seconds
Medi um average = 27 seconds; standard deviation = 2 seconds
Long: average = 37 seconds; standard deviation = 2 seconds

The NSSF conputer recorded all pilot entries. Pilots were asked to
press a special Data Link key whenever a Data Link comrunication
was received froma controller. This allowed a count to be nade of
Data Link transm ssions received per run.

The NSSF path change records proved to be less accurate than
anticipated with regard to the assignnent of a nessage to voice or
Data Link origination. Correlation of one of the NSSF path change
lists with VAX Data Link records showed an 8 percent error rate.
In nost of these cases, pilots appear to have omtted to press the
special Data Link key and in a few instances it seened that the key
was pressed i nadvertently.

In order to determne the anmount of tine required to conpose and
send Data Link nessages, videotape records of Data Link entries
initiated from the keyboard were nmade from the ARTS IIIA screen
preview area. (Recordings were nmade of only half of the Data Link
runs (27 sessions.))

73



The tine subjects spent conposing and sending a Data Link nessage
was assuned to be equivalent of Kkeying and speaking into the
m crophone to send a voice radio transmssion. The actions tinmed
from the videotape included key presses, slewing the trackball to
the aircraft, and pressing the ENTER key.

There was a good correlation of the Data Link entries observed on
the ARTS IIIA screen with those recorded by the VAX conputer
system However, during each run a nunber of Data Link entries
were found on vi deotape of the preview area which were not found in
the VAX printouts (and were not sent to pilots). It was decided to
include these Data Link nessage attenpts in the analysis because
they reflected a realistic use of Data Link and required controller
attention.

(oservation of the controllers during the experinment and inspection
of the nessage conposition durations revealed differences in Data
Li nk usage style. Mst of the tinme subjects conposed, slewed, and
entered each Data Link nessage in less than 5 seconds. However, on
sone occasions the controllers delayed sending the nessage for up
to 30 seconds, presumably to wait for the right tine to contact an
aircraft. Because such del ays represented an ATC strategy rather
than the actual tine need to send a Data Link nmessage, they were
excluded fromthe data set. Any tinme over 8 seconds was repl aced
by the nmean of the tines under 8 seconds.

Figure 17 shows the average total tines (expressed as a proportion
of run tinme) required to conpose Data Link nessages for each
conmmuni cation condition and position. A statistical test (MANOVA)
of the differences between group neans was not significant for
comuni cation condition (F(2, 4) = 1.55, p = .317) but was al so not
significant for ATC position (F(2, 4) = 8.19, p = .097). The
interaction of the two factors was not significant (F(4, 8) = 1.89,
p = .206). The test |acked power because of the snmall nunber of
subjects in each group. However, there were trends in the results
indicating reduced use of Data Link in the final sector as Data
Link delay increased and nore use of Data Link in the departure
sector in all comunication conditions. This should be studied
further.

The data for the rate of sending Data Link nessages appeared
simlar to those for nessage conposition tinme. Figure 18 shows the
average nunber of Data Link nessages sent per mnute for the
positions which were videotaped. An MANOVA was conpleted to test
the differences between group neans. The results were not
significant for comunication condition (F(2, 4) = .43, p = .679),
but were significant for ATC control position (F(2, 4) = 11.42, p =
.022). The interaction of the two factors was not significant
(F(4, 8 = .38, p =.820). The test again |acked power because of
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the small nunber of subjects in each group. However, there was a
trend in the results indicating reduced use of Data Link in the
final sector as Data Link delay increased. This should be studied
further.

The average tinme to conpose Data Link nmessages was 3.7 seconds.
However, there was considerable variation between conposition
times. This average tine is simlar to the that required to send
Voi ce messages.

4.1.3.3 Voice and Data Link.

One goal of this study was to conpare voice only comunications
with Data Link wwth voice. The results reviewed in the preceding
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FI GURE 18. DATA LI NK MESSAGES SENT PER M NUTE FOR THREE OF THE
SI X PGSl TI ONS

two sections allow sone conparisons of the efficiency of voice and
Data Link in the termnal environnent.

Fi gure 19 conbi nes NSSF data for length of voice transmssions with
the tine required to conpose and send Data Link nessages observed
on the videotapes. |In the three Data Link delay conditions, total
time required to send communications to aircraft was a conbi nation
of the voice and Data Link tines. It should be noted that the Data
Li nk conmuni cation times included errors and history list requests
as well as successfully sent nessages. It is probable that
m scomuni cations and other types of discussions unrelated to ATC
instructions were also included in the voice tines.

A wthin-subjects ANOVA indicated no significant differences in
message time for comunication condition (F(3,6) = 2.84, p =
.1279). Therefore, these results must be interpreted with caution
pendi ng further research.

Fi gure 20 again conbi ned NSSF and vi deotape data to show the rate
of voice and Data Link nessage conposition for each comrunication
condition. An ANOVA yielded no significant differences in nmessages
per mnute for communication condition (F(3, 6) = 3.84, p = .073),
al though the results approached a significance |level of p < .05.

4.1.4 Cross Communi cati ons.

It was considered inportant to record voice conmunications wth
Data Link equi pped aircraft and attenpts to send Data Li nk nessages
to voice-only aircraft. Use of voice radio with Data Link aircraft
was not discouraged; controllers were asked to use whi chever system
seened nost effective. However, such actions could be considered
as information about the usefulness or usability of Data Link and
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were counted by the experinent facilitators. These individuals
al so counted how many tinmes subjects inadvertently tried to send a
Data Link message to a voice only aircraft.

Figure 21 shows frequency of voice comunication with Data Link
aircraft for the three Data Link comuni cation conditions. There
was a general trend (as shown in figure 22) toward fewer of these
actions in each communication condition as the experinent
pr ogr essed.

Figures 23 and 24 show the frequency of attenpts to send Data Link
messages to voice-only aircraft. The nunber of these nessages
increased as Data Link delay tinme |engthened. There was sone
indication that this activity decreased later in the study (as
shown in figure 24).

4.1.5 Pil ot Cal | backs.

Pilot requests for a repeat of a voice or Data Link nessage m ght
serve as an indication of the efficiency of each nmedi um
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Figure 25 shows the nunber of pilot callbacks noted by the
facilitators for each comruni cati on conditi on.

4.2 DI SCUSSI ON O PERFORVANCE MEASURE RESULTS.

The preceding results provide useful information about the safety,
efficiency, capacity, and comuni cations activities in the termnal
environment using voice radio and Data Link with voice. At this
poi nt a nunber of inplications can be drawn fromthese data.

4.2.1 ATC System Safety.

The NSSF conflict file initially contained a |arge nunber of
incidents. After inspecting these, it was discovered that the |ist
i ncluded nunerous false alarns. Rul es were devel oped to screen
these errors but a sizeable nunber of conflicts renained.
Conpari son of the nunber of conflicts between the four
comuni cation conditions suggested that use of the shortest Data
Link delay condition resulted in about the sane nunber of conflicts
as with voice. However, further study of the conflict neasure is
needed before it can be considered as a reliable indicator of
safety.

4.2.2 ATC System Effici ency and Capacity.

4.2.2.1 Tinme and D stance.

It is not surprising that differences in aircraft flight tine and
di stance travelled were evident between ATC positions given that
the sectors in the experinent were of different sizes. However ,
overall differences in efficiency also existed as a function of
communi cation nedium (when the departure sectors were considered
separately).

Wil e there was sone evidence that the shortest Data Link condition
supported a reduction in flight tinme and distance for departure
sectors, it seened that the nedium Data Link condition created a
|arger effect. This is not what would be expected if it is assuned
that the shortest Data Link condition should offer the nost
advantages to the controller.

A possible reason for this finding is that the controllers, faced
wi th increasing, but not unworkable, delays in systemresponse tine
to Data Link messages, changed their comunication strategies. A
count was nmade of Data Link initiated path change nessages in
departure sectors which contained two or nore instructions (such as
for a speed and altitude change). This showed that controllers in
t hese sectors sent about 55 percent nore of this type of nessage in
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the nedium and long Data Link delay conditions as conpared to the
short del ay conditi on.

NUMBER OF COMMUNICATIONS
O P N W b~ 01 O N ©

VOICE DL 16s DL 26s DL 36s

FI GURE 25. NUMBER OF PI LOT CALLBACKS FOR EACH COMMUNI CATI ON
CONDI TI ON

86



The increase in Data Link response tines may have encouraged the
controllers send nore flightpath change requests in each Data Link
transm ssion and this could have had a positive effect on aircraft
flight time and distance flown. This inprovenents was nost |ikely
to occur in the departure sectors given that the departing aircraft
flew nearly twice as far as aircraft in the arrival and final
sectors; there was a longer w ndow of opportunity for a nore
efficient strategy to have an effect.

Al t hough this explanation mght hold true for the nmedi um Data Link
delay condition, flight tinme, and distance were not simlarly
affected in the long delay condition. This is in spite of the fact
that the incidence of nore conplex path change inputs were about
the same in the long delay situation as in the nedium delay. The
reason for this could be that the |onger delays nade the strategy
| ess effective.

4.2.2.2 Pat h Changes.

The results for nunber of path changes did not show significant
di f ferences between communi cation conditions. The requirenents for
positioning aircraft for l|anding probably accounted for the
apparent increase in path changes in the final sectors.

4.2.2.3 Traffic Load.

It was no surprise that differences in traffic load did not energe
under different Data Link response tine conditions. Traffic
activity was kept constant for all scenarios in the experinent.
Had this been manipulated, it mght have been possible to observe
differences in capacity as a function of communication type.

4.2.3 Voice and Data Link Usage.

4.2.3.1 \Voice.

There was considerable evidence that the use of the voice radio
channel decreased with the availability of Data Link services.
Both the proportion of tine spent using voice per ATC scenario and
the frequency of push-to-talk actions dropped dramatically in the
short Data Link delay condition and appeared to rise in the fina
sectors as Data Link delays increased. It is likely that
controllers reverted to the voice channel as it becane nore
difficult to use Data Link. This indicates that the final sectors
were nost sensitive to longer Data Link del ays.

Figures 15 and 16 seemto show a difference in voice use across ATC
position in the nedium and especially in the long Data Link
condition. However, the effect of position and the interaction of
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comuni cation condition and position were not statistically
significant in either case. Further study of the observed trends
I S needed.
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4.2.3.2 Dat a Li nk.

Fi gure 17 suggests (al though wi thout statistical support )that nore
time was spent conposing Data Link nmessages in the departure
sectors as conpared to the arrival and final sectors. The rate of
Data Link message conposition (figure 18) followed the sanme trend.
It is reasonable that nore tinme was enpl oyed sendi ng nessages gi ven
that aircraft flew farther in the departure sectors. However, this
does not explain why the rate of sending Data Link nessages was
hi gher .

In spite of an apparent reduction in Data Link message conposition
times as delay increased in the final sectors, there was no
significant effect of Data Link delay condition on Data Link
message conposition time. This nmay be due to the limted anount of
data avail abl e upon which to base the statistical tests.

Although no statistically significant findings energed as a
function of comunication type in the Data Link results in figures
17 and 18, it is, nevertheless, interesting to conpare the trends
to the voice results. Figures 15 and 16 seem to indicate that
voice use increased in the final sectors with |longer Data Link
delays. This was paralleled by a trend in figures 17 and 18 toward
decreased Data Link activity in the final sectors as Data Link
del ay | engt hened. Longer Data Link delay tinmes appeared to have
the effect of reducing Data Link usage in the final sectors as the
controllers increasingly reverted to voice comunications.
However, further study is needed to confirmthese observations.

4.2.3.3 Voice and Data Link.

Wien the tinmes required to comunicate using voice radio and the
times needed to conpose Data Link nessages in the different delay
conditions were conbined, sonme interesting results energed.
Figures 19 and 20 suggest that when voice and Data Link activities
are considered together, sone tine savings occurred for the short
and nedium Data Link delay conditions. However, statistical tests
did not indicate that the differences were neaningful. A different
result maght have energed if the errors in conposing Data Link
nmessages had been renoved fromthe data.

4.2. 4 Cross Conmuni cati ons.

Figure 21 graphically denonstrates the effects of long Data Link
del ays. Voi ce comunications with Data Link aircraft increased
over twofold for the nedium and |ong delay conditions. However

figure 22 suggests that this pattern changed over the course of
tinme. There was an apparent decrease in voice to Data Link
comuni cations during the experinent; this was especially
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pronounced for the final runs of the nedium and |ong delay
conditions. This inplies a learning effect. Controllers may have
been able to inprove their ability to cope with the long Data Link
del ays, thus, reducing their need to send voice transmssions to
Data Li nk equi pped aircraft.

The nunber of Data Link nmessages attenpted with voice-only aircraft
al so appeared to increase with Data Link delay (see figure 23).
Wiile figure 24 suggests that these errors decreased over tine, the
trend is inconsistent. This neasure mght be an indirect indicator
of controller workload. Attention was required to determne from
the ARTS II1A display which aircraft were Data Link equipped. A
synbol to denote communication equipage was displayed in the
aircraft's data bl ock. If it can be assunmed that |ong Data Link
del ays increased workload, it would be reasonable to expect that
less time woul d be devoted to checking aircraft equipage resulting
in Data Link nessages being sent to the wong targets. The
i ssuance of such nessages could lead to conflict situations (if it
wer e t hought the nessage had been delivered).

4.2.5 Pilot Callbacks.

The nunber of times pilots had to contact controllers to ask for
clarification of an ATC request is another neasure of the
efficiency of the communication nedia. Figure 25 suggests that the
short and nedium Data Link delay conditions resulted in fewer
cal |l backs fromthe sinmulator pilots. On the other hand, the |ong
delay situation created the need for nore call backs. This was
another indication of the problens created by long Data Link
del ays.

5. CONCLUSI ONS.

The results of the study presented in this report warrant the
foll ow ng conclusions regarding the initial termnal air traffic
control (ATC) services, required changes to the service designs,
potential effects of extended transaction tinmes on the utility of
Data Link, and requirenments for future term nal Data Link
research.

a. The air traffic controller nenbers of the Air Traffic
Data Link Validation Team (ATDLVT) who participated in this study
expressed a continued belief that inplenentation of Data Link
services in the termnal environnment wll have the potential to
significantly inprove the quality and effectiveness of air-ground
ATC conmmuni cations. Predicted beneficial effects include
reductions in voice frequency congestion and comruni cati on
errors, and inprovenents in efficiency made possible by shifting

90



| engthy and repetitive advisory nessages and cl earances fromthe
voi ce channel to the Data Link comrmuni cations system

b. The results of the full scale sinulation phase of this
study confirnmed the hypothesis that the viability of Data Link
ATC services in the termnal environment will be strongly
dependent on the length of total transaction del ays between
message di spatch by the controller and recei pt of an
acknow edgenent fromthe flight crew. \Vhile this prelimnary
study was conducted with mnimal controller training using Data
Li nk service designs which are still under devel opnent, the
results indicated that total transaction del ays exceedi ng 20
seconds may significantly increase controller workload, inpair
performance, and inpede the use of Data Link. The severity of
the effects of transaction del ays were dependent on the type of
ai rspace sector under control and the time criticality of the
message. |In addition, the findings suggested that the negative
effects may be partially aneliorated by practice as controllers
devel op effective strategies for overcomng tinme del ays.

c. The design review, and debriefings which followed the
full scale simulation phase, provided resolutions for all open
desi gn issues and generated several nodifications and
enhancenents to the Data Link service designs, which the subject
controllers indicated woul d enhance performance and help to
reduce transaction delays. Anong the nost inportant of the
nmodi fi cations agreed upon by the controllers were: (1) a change
in the design of the initial contact service to reduce the nunber
of Data Link transactions and anount of transaction tinme required
to performthis function, and (2) extensive nodifications to the
controller interface of the MI and Tl services to inprove the
speed and accuracy of nessage sel ection.

d. (Observed reductions in controller workload and
i nprovenents in performance that occurred over the course of
testing, as well as inputs fromthe subjects, suggested that
nodi fications to the Data Link and airspace training protocol
will be required for future operational evaluation research. In
particular, it is concluded that the ability to nmake valid
measurenents of the operational effectiveness of Data Link
services wll depend upon increasing the duration of the practice
phase of training in order to permt the devel opnent of
proficient strategies for enploying the system

e. Several of the experinental neasures of system and
controll er performance exam ned during this study effectively
reflected and conpl enented the controller evaluations, and are,
therefore, expected to be essential for future operational
eval uation research. This research will be perfornmed using the
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fully mature Data Link service designs and extensively trained
controllers, and will provide the opportunity to derive valid
concl usions regarding the inpact of Data Link services on the
safety, efficiency, and capacity of the ATC system The results
of this prelimnary evaluation indicated that additional

devel opnent of these neasures nust be conducted in studies prior
to operational evaluation to: (1) inprove the ease with which
performance data can be extracted fromthe sinulation conputer
records, (2) insure the validity of measures of aircraft
separation conflicts, and (3) explore the ability of these
performance netrics to reflect the potential operational benefits
of Data Link.

6. RECOMVENDATI ONS.

The foll owm ng recommendations for future actions under the
Federal Aviation Admnistration (FAA) termnal air traffic
control (ATC) Data Link programare derived fromthe results and
concl usions of the present research:

a. The results of this second design devel opnent study
indicate that the initial Data Link ATC services continue to have
significant potential for enhancing term nal ATC operations.
Therefore, it is recomended that additional design, devel opnent,
and evaluation efforts be pursued to inplenent these services at
the earliest possible date.

b. Because of the significant effects of total transaction
times on the effectiveness and usability of Data Link that are
predicted by the findings of this prelimnary study, it is
recommended that technical analyses and flight deck Data Link
research be initiated to define the distribution of transaction
times that can be expected in operational inplenmentation. Wen
avai l abl e, these tine paraneters should be used in future ATC
servi ce eval uation research, and should serve as a baseline for
eval uating inprovenents in aircrew interfaces that are intended
to mnimze nessage acknow edgenent response | atenci es.

c. It is also recommended that, prior to operational
eval uation of the initial termnal Data Link ATC services,
addi tional research be conducted to further refine the service
designs and to optim ze test and eval uation procedures. As part
of this research, the service design nodifications identified
during the present study should be inplenented in the ARTS |11 A
section of the Data Link Test Bed for review by Air Traffic Data
Li nk Val i dation Team (ATDLVT) controllers. Furthernore, in
preparation for operational evaluation, this research should test
nore extensive Data Link training protocols, exercise inproved
performance data col |l ection procedures, and attenpt to identify
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new and nore sensitive neasures which will reliably reflect the
i npact of Data Link on ATC system and controller perfornmance.

d. Finally, the results of the present study suggest that,
W th extended practice, controllers nmay spontaneously devel op
strategies for enploying Data Link which can mtigate the inpact
of transaction delay and inprove the effectiveness of ATCin a
conbi ned voi ce radi o and Data Link comruni cati ons environnent.
Because of this, it is recomended that future research efforts
i ncl ude the devel opnent and application of human factors netrics
whi ch can define and docunent these strategies. Information
derived fromthese neasures should be used to devel op opti nal
Data Link procedures and training materials that wll be needed
to conpl enment functional specifications for the Data Link service
designs and controller/systeminterfaces.
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